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SULFANILAMIDE AND DERIVATIVES IN THE TREATMENT OF 
EXPERIMENTAL PNEUMOCOCCUS INFECTIONS* 


JOHN A. KouMER, M.I)., GeEoRGE W. Ratiziss, PH.D., ANNA M. RULE 
PHILADELPHIA, PA. 


ECAUSE of the biologic relationship of the pneumococcus to streptococcus, 

sulfanilamide (para-aminobenzenesulfonamide) and its derivatives have 
properly commanded considerable interest in relation to the treatment of ex- 
perimental and human pneumococcus infections. 

In 1936 Buttle and Gray! reported that sulfanilamide by oral administra- 
tion had a slight effect upon type I pneumococeus infections of mice inoculated 
intraperitoneally, but only when very small infective amounts of the organism 
were employed. Later Buttle and his colleagues? found this likewise true of 
type [| pneumococcus. 

Rosenthal,* however, observed that sulfanilamide in olive oil administered 
to mice by subeutaneous injection afforded a considerable and encouraging de- 
gree of protection against types I, II, and IIL pneumococci inoculated intra- 
peritoneally. Cooper, Gross, and Mellon* also found that the oral administra- 
tion of the compound prolonged and sometimes saved the lives of mice inocu- 
lated subeutaneously with type II] pneumococci, and in a subsequent series of 
investivations Gross and Cooper® reported that the compound by oral ad- 
ministration was effective in prolonging and sometimes saving the lives of 
rats with pneumococcal pneumonia produced by intratracheal injections of 
types |, Il, and III pneumococci suspended in mucin. With type II the 
resulis vere no more effective than treatment with serum alone, but with 
type | best results were observed among rats treated simultaneously with 
sulfanilamide and serum. Sechmidt® has stated that subcutaneous injections 


_-_.. 


m the Research Institute of Cutaneous Medicine, Philadelphia. 
eived for publication, October 8, 1938. 
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of the compound were effective in the treatment of mice inoculated intraperi 
toneally with type XIV. 

We have also observed encouraging results in the treatment of experi 
mental pneumococcus meningitis with sulfanilamide by oral, subcutaneous, 
and intrathecal administration.’ Types I, II, and III produced acute menin- 
gitis in rabbits by intracisternal inoculation along with an associated sep- 
ticemia usually fatal in from two to four days. Treatment of 60 animals, 
begun four hours after inoculation, did not result in the recovery of any, but 
apparently prolonged the lives of 24 for various periods. The intracisternal 
inoculation of monkeys with virulent types I, II, and III produced fatal 
meningitis with septicemia in twenty-four to thirty hours. Treatment of 10 
animals with sulfanilamide, begun twenty-four hours after inoculation, re- 
sulted in the recovery of one (type III) and apparently prolonged the lives of 
7 others. 


PURPOSE OF INVESTIGATION 


In the present investigation we have sought to determine the influence of 
sulfanilamide by oral, subcutaneous, intravenous, and a combination of oral and 
subcutaneous administration upon types I, II, and II[ pneumococeus infections 
of rats inoculated intraperitoneally. Our purpose was to select strains of mod- 
erate virulence with the hope that these, along with the higher natural resistance 
of the rat as compared with the mouse, would enable us to administer multiple 
doses as well as make heart blood cultures. 

Our special purpose, however, was to determine the influence of sulfanil- 
amide upon the intraderma! pneumococcus lesions of rabbits so frequently 
accompanied by an associated septicemia produced by the method of Goodner. 
We have found this experimental lesion very satisfactory not only for chemo- 
therapeutic studies in pneumococeus infections”! but likewise for chemo- 
therapeutic investigations in streptococcus infections of rabbits’ !* because 
the local lesions of hyperemia, edema, and necrosis not only can be seen and 
measured daily for clinical purposes, but likewise, and very importantly, can 
be readily cultured at daily intervals for determining possible local bac- 
tericidal effects. Since pneumococcus infections of human beings are pre- 
dominantly and primarily of the fixed tissues, with secondary invasion and 
infection of the blood, we have long considered this experimental intradermal 
pneumococecus ‘‘pneumonia’’ of special value for determining the efficacy of 
chemical agents not only in the disinfection of the blood, but also, and even 
more importantly, in the disinfection of the fixed tissues. Kreidler!® has al- 
ready reported upon sulfanilamide by oral administration in the treatment of 
this lesion of rabbits produced by the intradermal injection of 0.1 ¢.c. of @ 
1:1,000 dilution of eighteen-hour broth culture of type I pneumococcus, stat 
ing that it favorably influenced the septicemia, reduced the fever, and resulted 
in the recovery of most of the animals. 

We have likewise been able to include a study of the acetyl] derivative 
of sulfanilamide as well as 4,4’-diamino-diphenylsulfone first reported upol 
by Buttle, Stephenson, Smith, and Foster™ and its acetyl derivative intro 
duced by Fourneau, Trefouel, Nitti, and Bovet.° Bauer and Rosenthal'” have 
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found 4,4’-diamino-diphenylsulfone and its acetyl derivative more effective 
than sulfanilamide in pneumococcal infections of mice, but much less marked 
than against streptococci. Life was prolonged, but few animals permanently 
survived the pneumococcal infection. 

Recently Whitby'’ has reported 2-p-aminobenzenesulfonamide pyridine 
effective in the treatment of mice infected with types I, II, II, V, VII, and 
VIII pneumococci, and especially types I, VII, and VIII. Evans and Gails- 
ford!’ report that its use in the treatment of 100 cases of pneumonia resulted 
in a mortality of 8 per cent as compared with a mortality of 27 per cent in a 
control group of cases. We have not been able to include this compound in 
the present investigation, but it is interesting to note in this connection that 
Kolmer, Brown, Raiziss, Rule, and Clemence!® have observed particularly en- 
couraging results with two pyridine compounds containing an amino group 
or an amino group with iodine and especially 2-2’ pyridyl! sulfide dihydrobro- 
mide in the treatment of intradermal streptococcus infections of rabbits. 


SULFANILAMIDE IN TREATMENT OF PNEUMOCOCCUS INFECTIONS OF RATS 


In our first experiment 10 white rats, weighing from 100 to 150 g@m., were 
inoculated intraperitoneally with 0.2 ¢.c. of an eighteen-hour broth culture of 
type I pneumococcus; 10 additional animals with 0.2 ¢.c. of a 1:5,000 dilution 
of type II, and 10 with 0.2 ¢.c. of 1:600 dilution of type ITI. 

Eight animals of each series were used for treatment with sulfanilamide, 
the first dose being given four hours after inoculation, and thereafter two 
doses per day (10 a.m. and 3 p.m.) for four days in succession. Two animals 


of each series received 0.05 gm. per kg. orally, 2 the same dose subcutaneously,* 
2 intravenously, and 2 received 0.025 gm. per kg. orally with 0.025 gm. sub- 
cutaneously. The dose administered by all routes corresponded, therefore, 


to 3.5 gm. per day per 70 kilograms. 


TABLE I 


EFFECT OF SULFANILAMIDE ON TYPE I PNEUMOCOCCUS INFECTIONS OF RATS* 


“DOSE PER KG.t - DAYS 
| | ORALLY AND 
SUBCUT. | INTRAVEN. MAE AND | 
SUBCUTAN. | 


0.05 
0.05 


0.025 
0.025 - - } 


Control ia a rf ies D | 
Contro| as = | he hh | 





| 
| 
| 
| 
| 
| 


| 





cult Inoculated intraperitoneally with 0.2 c.c. of 1:60,000 dilution of eighteen-hour broth 
’ urs 


P ‘irst dose four hours after inoculation; thereafter twice daily (10 A.M. and 3 P.M.) for 
our days in succession. 


= survival; D = died. All rats succumbing gave positive heart blood cultures. 


As shown in Table I, the two controls inoculated with type I suecumbed 
In Torty-eight to seventy-two hours. Of the 8 treated animals the lives of only 


——.. 


/ s e . . . 
».8 per cent solution in water was employed for all parenteral administrations. 
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») 


or possibly 3, were prolonged by one to three days, all animals ultimatel) 


succumbing with positive heart blood cultures. 

The two controls inoculated with type II lived for three to five days. Of 
the 8 treated animals 3 survived the full period of fourteen days’ observation 
and all of these had negative heart blood cultures at this time; the remaining 


5 succumbed in two to four days with positive heart blood cultures. 


TABLE II 
EFFECT OF SULFANILAMIDE ON TYPE IIT PNEUMOCOCCUS INFECTIONS OF RATS 


DOSE PER KG.ft DAYS 
ORALLY 
SUB- INTRA- AND 
CUT. VEN. SUBCU 
TAN. 


ORALLY 


0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.025 
0.025 
0.025 
0.025 ~ 
Control . - _ D 
Control) —- - _ D 
*Inoculated intraperitoneally with 0.2 cc. of 1:5000 dilution of eighteen-hour 
culture. 
*First dose 4 hours after inoculation; thereafter twice daily (10 A.M. and 3 P.M.) 
four days in succession. 
t survival; D died. <All rats succumbing gave positive heart blood cultures. 


The two controls inoculated with type IIL succumbed in three days with 


positive heart blood cultures; of the 8 treated animals 4 survived four to 


eight days, but all ultimately succumbed with positive blood cultures. 


TABLE III 
EFFECT OF SULFANILAMIDE ON TyPE ILL PNEUMOoCcOCcCUS INFECTIONS OF RATS 


DOSAGE PER KG.t DAYS 
ORALLY 
INTRA AND 
VEN. SUB- 
CUTAN. 


ORALLY SUBCUT. 


0.05 
0.05 


0.025 

0.025 

0.025 

0.025 D 
Control - - - D 
Control - ~ - D 


*Inoculated intraperitoneally with 0.2 ¢.c. of 1:600 dilution of eighteen-hour brot! 

+First dose four hours after inoculation; thereafter twice daily (10 A.M. and 
four days in succession. 

t- = survival; D died. All rats succumbing gave positive heart blood cultu 
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This experiment was then repeated with 20 rats inoculated intraperi- 
toneally with 0.2 ¢.c. of 1:10,000 dilution of eighteen-hour broth culture of 
type I; 20 inoculated with 0.2 ¢.¢. of 1:600 dilution of type II, and 20 with 
0.2 ¢.c. of 1:600 dilution of type IIL. 

Treatment was started four hours after inoculation, followed by four ad- 
ditional treatments at daily intervals. Four rats of each series were kept as 
untreated controls, and of the remaining 16 animals, 4 received 0.5 gm. per kg. 
orally ; 4, 0.2 gm. per kg. subcutaneously ; 4, 0.5 gm. subeutaneously ; and the 
remaining 4, 0.5 gm. orally with 0.2 g@m,. subcutaneously per ke. of weight. 
These amounts corresponded, therefore, to as much as 14 to 49 gm. per 70 kg. 
per day which were perfectly enormous amounts, but still within the maximum 
tolerated doses for these animals. 

As shown in Table IV, all of the four untreated controls inoculated with 
type I died in one to two days with positive blood cultures. Of the 16 treated 
animals the lives of 6 were apparently prolonged for one to two days, but 


all succumbed with positive heart blood cultures. 


TABLE IV 
EFFECT OF SULFANILAMIDE ON TyPE I PNEUMOoOCOCCUS INFECTIONS OF RATS 


DOSAGE PER KG.t DAYS 


; ies a ORALLY AND P - 
ORALLY SUBCUT, ‘ . : 3 
SUBCUTAN, 


0.5 


0.5 - - D 


0.5 


0.5 





D 
; “ D 
a os D 
‘noculated intraperitoneally with 0.2 ¢.c. of 1:10,000 dilution of eighteen-hour broth 
‘irst dose four hours after inoculation; thereafter daily for four days in succession. 
- survival: D died. All rats succumbing gave positive heart blood cultures. 


\!l of the 4 controls inoculated with type II died in two to six days with 
positive blood cultures. Of the 16 treated animals, 11 survived for the full 
period of twenty days’ observation at which time all gave negative blood 
cultures; the remaining 5 died in one to four days with positive blood cultures 
(Table V). 





‘Saunyzpno | 1Q JUBAY BATVISOd VARS Buiqtunoons szel [LV ‘pep qd *: [BATAANS t 


‘uOISsa00Nns UL SABP ANOJ JOJ AlLep JazyJvVaiayy *‘ UOTPe[NOOUT JaIJH SAMO ANOJ VsSOp Salat 
‘aanypno Youqg Inoy-useazYsie Jo uOTNTIpP 009: T JO ‘oo ZO UM {[]BaUuo0jLJed BAQUI pez e[NoouT, 


a - . - [O1}U0;/) 
a jo4jyuo,) 

ad - [o1300,) 

[o1400,) 


MEDICINE 


CLINICAL 


AND 


TORY 


a- 
~~ 
— 
- 


Or 


co 
co 
co 
co 
"NV.LOOE0s 
6 ; aNv *“LaodaAS ATIVUO 
ATIVUO 


JOURNAL 


SAVad }°OM UAd ADNVSOd 


THE 


,SLVY dO SNOLLOAANT SQOOODOWNANG [I dA, NO AGINVIINVATOS AO Load 


A @WIavL 





UMOCOCCUS INFECTIONS 


, 


IN 


SULFANILA MIDE 


Al 


ET 


KOLMER 


,SLVY 


Ao 


‘SOIN}[ND Poo[d JABweay BAIRISOd BVAVS Surquinoons szei [Ty “peyp 


qd ‘[@AIAIns = -{ 


+ 


sSQOONS UI sAep ANOJ 10J Ajrep 1aj}jJva1ayy : UOT B[NoOUI Jazyje sunoy Anojy asop wWarags 
‘aIny[no Yyouq ANOY-UsezY S10 Jo UOTINIIp 009: T Jo *a°9 ZO UVM A[[vau0zpLIad Bayul po ve[noouyT, 


6 


SAVd 


SNOLLOAANT SOQOOOOOWDANdG 


IA 


ad 


III] dA, 
aay 


NO 


d 


AGINVIINVATAS do 


Load 


[o1zu0D 
[O1}UO/) 
[O4pzuO;) 
[O1zU0S) 


C0 
C0 
C0 
: : _ C0 
*‘NV.LOAOdaAS | ‘LnoaaAs) =| ATIVHO 
aNV ATIVUO | 


/*oM UAd ADVSOd 





786 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


All of the 4 controls inoculated with type III] suecumbed in two to five 
days with positive blood cultures. Of the remaining 16 treated animals, % 
survived the full period of twenty days’ observation at which time the heart 
blood cultures were sterile; the remaining 7 animals died in three to nine 
days with positive blood cultures (Table V1). 

It would appear, therefore, that sulfanilamide in the amounts adminis 
tered by these various routes had but very slight influence upon type I pneu- 
mococcus peritonitis and septicemia of rets, but that favorable and encourag 
ing results were observed with type II and type III infections. Apparently 
subcutaneous injections with oral administration gave much better results 


than oral administration alone. 


SULFANILAMIDE IN TREATMENT OF INTRADERMAL PNEUMOCOCCUS 
INFECTIONS OF RABBITS 

In this experiment 10 rabbits were inoculated intradermally (shaven ab- 
dominal skin) with 0.2 ¢.c. of 1:30 dilution of eighteen-hour broth culture of 
type I pneumococcus, 10 with 0.2 ¢.c. of 1:30 dilution of type II, and 10 with 
0.6 ¢.c. of 1:30 dilution of type IIL. 

Twenty-four hours later well-developed local lesions of hyperemia and 
edema were present and, especially with the type II and III strains, at which 
time the first treatment was given. Subsequently the compound was adminis- 
tered twice daily (10 a.m. and 3 p.m.) for five days in suecession, totaling ten 
treatments in the case of those animals surviving five days or longer. 

Sulfanilamide was given orally to 2 rabbits in each series in dose of 0.05 em. 
per kg. twice daily ; 2 were given the same dose intramuscularly, 2 intravenously, 
and the remaining 2 of each series received 0.025 gm. orally with 0.025 gm. 
intramuscularly. These were equivalent to 0.1 gm. daily, corresponding to 
7.0 gm. for an adult weighing 70 ke. 

Cultures were made of each local lesion daily and heart blood cultures 
upon the death of the animals. 

As shown in Table VII, the two untreated controls inoculated with type | 
died in two to four days, respectively, with positive lesion and blood cultures. 
All of the remaining 8 treated animals also succumbed with positive lesion 
and blood cultures, although the lives of 2 receiving the compound orally were 
prolonged for about three days. 

The two controls inoculated with type II survived for the full period of 
seven days’ observation at which time they showed positive lesion cultures. 
Of the remaining 8 treated animals 6 likewise survived,, but the lesions of 
all showed definite clinical improvement and were sterile upon culture (Table 
VIII). 


Both of the untreated controls inoculated with type III also survived the 


full period of seven days’ observation at which time the local lesions were still 


severe with positive cultures. All of the 8 treated animals also survived and 
showed definite healing with negative lesion cultures in all except one 


(Table IX). 
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The results have indicated, therefore, that sulfanilamide has a definite 
curative effect upon intradermal pneumocoecus infections of rabbits and espe- 
cially those produced by types II and III; no essential differences were noted 


according to the route of administration. 


SULFANILAMIDE DERIVATIVES IN TREATMENT OF INTRADERMAL PNEUMOCOCCUS 
INFECTIONS OF RABBITS 


In this experiment 15 rabbits were inoculated intradermally with 0.2 c¢.c. 
of eighteen-hour broth culture of type | pneumococeus, 15 with the same dose 
of type Il, and 15 with the same dose of type III. 

All three strains produced large local lesions with positive cultures. 

Three animals of each series were kept as untreated controls, those inocu- 
lated with type I succumbing in four days, and those with type II in five to 
seven days, with positive lesion and heart blood cultures. The 3 inoculated 
with type IIL survived the period of ten days’ observation at which time ab- 
scesses had developed with positive cultures. 

The remaining 12 animals of each series were used for treatment, 3 being 
given sulfanilamide orally twice a day (10 a.m. and 3 p.m.) for five days in 
succession, totaling 10 doses in the case of those animals surviving six days or 
longer after inoculation, since the first dose was given twenty-four hours after 
inoculation. Of these 3, one received 0.05 gm. (0.1 gm. daily), one 0.125 gm. 
(0.250 gem. daily), and one 0.250 gm. (0.5 gm. daily) per kilogram. Three 
animals of each series were treated orally with similar doses of the acetyl 
derivative of sulfanilamide, 3 with 4,4’-diamino-diphenylsulfone, and 3 with 
the acetyl derivative of 4,4’-diamino-diphenyIsulfone. 

As shown in Table X, the 3 untreated controls inoculated with type I 
pheumococeus succumbed four days after inoculation with positive lesion and 
heart blood cultures as previously stated. The 3 treated with sulfanilamide 
died in four to five days, and the 3 treated with its acetyl derivative died in 
three to seven days. Of the 3 treated with 4,4’-diamino-diphenylsulfone how- 
ever, one survived the full ten days with marked healing of the local lesion 
and a negative lesion culture while the remaining 2 died on the third and 
seventh days, respectively, with positive lesion and blood cultures. All 3 
treated with the acetyl derivative of 4,4’-diamino-diphenylsulfone died in two 
to four days with positive lesion and blood cultures. 

‘he 3 untreated controls inoculated with type II pneumocoecus died in five 
to seven days with positive lesion and blood cultures (Table XI). Of the 3 
treated with sulfanilamide one lived the full period of 10 days at which time 
the local lesion had almost healed with a negative culture; the remaining 2 


died five to ten days after inoculation with positive lesion and blood cultures. 
Of the 3 treated with its acetyl derivative, 2 lived the full period of ten days, 
at which time some healing of the loeal lesion had occurred, but both showing 


positive lesion cultures. 

\ll 3 treated with 4.4’-diamino-diphenylsulfone survived for ten days, at 
Which time the lesions showed considerable healing, but still yielding positive 
cultures. 
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The 3 treated with the acetyl derivative of 4,4’-diamino-diphenylsulfone also 
survived the full ten days and likewise with considerable healing of the local 
lesions, but all showing positive lesion cultures. 

As previously stated, all 3 untreated controls inoculated with type III pneu 
mocoecus survived the period of ten days, but abscesses developed with positive 
cultures (Table XII). 

All 3 treated with sulfanilamide likewise survived with complete healing of 
the local lesions and negative cultures. Of the 3 treated with its acetyl deriva 
tive one died on the tenth day with a positive lesion and blood culture, while 
the remaining 2 survived, one with a negative lesion culture. 

Of the 3 treated with 4,4’-diamino-diphenylsulfone 2 survived ten days with 
complete or almost complete healing with negative lesion cultures, while the 
remaining animal died on the tenth day with a local lesion well healed but 
with a positive lesion and blood culture. All 3 treated with its acetyl deriva- 
tive lived the full ten days with almost complete healing of the local lesions 


along with negative lesion cultures. 
CONCLUSIONS 


1. Sulfanilamide by oral, subcutaneous, intravenous, and combined oral 
and subcutaneous administration was only very slightly effective in the treat- 
ment of type I pneumococcus peritonitis and septicemia of rats. Much better 
results were observed in types II and III infections. 

2. Sulfanilamide by oral, intramuscular, intravenous, and combined oral 
and intramuscular administration was only slightly effective in the treatment 
of type I intradermal pneumococcus infections and septicemia of rabbits. 
Much better results were observed with type II and type III infections. 

3. The acetyl derivative of sulfanilamide was less effective than sulfanil- 
amide itself in the treatment of types I, II, and III intradermal pneumocoecus 
infections and septicemia of rabbits by the four routes of administration. 

4. 4,4’-Diamino-diphenylsulfone was more effective than sulfanilamide in 
the treatment of type I and type II intradermal pneumococeus infections of 
rabbits by the four routes of administration, but probably slightly less effective 
in the treatment of type III infections. 

5. The diacetyl derivative of 4,4’-diamino-diphenylsulfone was less effec- 
tive than sulfanilamide and diamino-diphenylsulfone in the treatment of type 
[ and type II intradermal pneumococcus infections of rabbits with septicemia 


by the four routes of administration, but about equal to these compounds in 


the treatment of type III infections. 
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THE DETERMINATION OF SULFAPYRIDINE IN BLOOD* 


Kk. G. Scumiptr, Pu.D., BALTIMORE, Mb. 


KCENT experimental evidence indicates that 2 (p-aminobenzenesulfona- 

mido)-pyridine’* or sulfapyridine* is a more promising chemotherapeutic 
agent in pneumonia therapy than sulfanilamide itself. Intelligent treatment 
with this drug will require a knowledge of its concentration in the blood.°-? In 
the present paper data are given on the determination of sulfapyridine in the 
blood by means of three methods which have been used successfully for sulfanila- 
mide analysis: the Marshall**' and the Proom'*-'* diazotization procedures, and 
the naphthoquinonesulfonie acid method'*-* of the author which ean be per- 
forined on routine blood filtrates. 


METHODS OF ANALYSIS AND RECOVERY OF ADDED SULFAPYRIDINE 


lhe general plan of approach was the same as that used by the author in 
ous work on sulfanilamide analysis.‘*'* To 18 ¢.c. portions of pooled, 


ted, human blood were added 2 ¢.c. quantities of stock sulfapyridinet 


b ab the Department of Biological Chemistry, University of Maryland, School of Medi- 
haltimore. 


Merck and Co., Inc., kindly furnished the sulfapyridine used in these experiments, 
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solutions of such strengths as to yield a series of bloods containing 1 to 20 mg. 
sulfapyridine per 100 ¢.c. The stock solution was prepared by dissolving 1 gm. 
of the drug in hot distilled water. This solution was cooled, then diluted to 
1000 ¢.c. Each cubie centimeter contained 1 mg. sulfapyridine. After a few 
days some of the compound would erystallize; when this occurred the solution 
was disearded. The various standards for analysis were prepared from a stock 
solution which contained 0.1 mg. per ¢.c. and which remained clear and stable 
even in the cold. 

In the Marshall method exactly 3 ¢.c. quantities of blood were laked with 21 
¢.c. of 0.05 per cent saponin solution and then deproteinized with 6 ¢.c. of a 20 
per cent p-toluenesulfonie acid solution. To 10 ¢.c. of filtrate was added 1 ¢.c. of 
freshly prepared 0.1 per cent sodium nitrite, followed by 1 ¢.c. of the phosphate 
sulfamate solution,’' and then by 5 e¢.e. of aleoholic, heat-activated’’ dimethy!- 
alpha-naphthylamine. Appropriate standards were treated in a similar manner, 
and comparisons were made in the colorimeter at the end of ten minutes, al 
though the color would remain stable for at least an hour. In the Proom modifi- 
cation 3 ¢.c. of blood were laked with 21 ¢.c. of water, followed by deproteiniza- 
tion with 6 ¢.c. of 15 per cent trichloracetic acid. Ten cubie centimeters of this 
filtrate and an equal volume of the various standards were treated as in the 
Marshall procedure."' In the naphthoquinonesulfonie acid method 3 ¢.¢. quan- 
tities of blood were laked with 24 ¢.c. of 0.12 N sulfuric acid, followed by 3 c.c. 
of 10 per cent sodium tungstate solution. A drop of 0.1 N hydrochloric acid was 
added to 10 ¢.c. portions of each filtrate and standards, followed by 1 ¢.c. of 0.05 
per cent sodium-beta-naphthoquinone-4-sulfonate (prepared from a 0.5 per eent 
solution, which remains stable for at least a month in a cold, dark place). The 
tubes were placed in the dark for an hour, after which the orange colored solu- 
tions were matched in the colorimeter. Since the reagent itself is colored, correct 
values can be obtained only if the unknown and the standard used for compari- 
son are nearly alike. 

TABLE I 


RECOVERY OF SULFAPYRIDINE ADDED TO BLOOD BY VARIOUS METHODS OF ANALYSIS 


RECOVERY BY 


100 c.c. 


a |  NAPHTHOQUINONE 
MARSHALL METHOD PROOM-MARSHALL METHOD MAPHTHOQUI 


SULFONIC ACID METHOD 


| MG./100 C.c. BLOOD | MG./100 ¢C.c. BLOOD | MG./100 ¢.c. BLOOD 


CENT 


A\VERAGI 


AVG. | MAX. | MIN, MAX. | MIN. | AVG. 


DETERMINATIONS 
ITO BLOOD MG.,, 
PER CENT 


NUMBER OF 
|PER CENT 


AVERAGE 


19.7 
9.87 | 98.7 | 9.5 29 
4.9 98.0 4.8 d * 3.8 
2.5 100.0 | 2.27 2. 2.2% 89.2 2. 2.0 
0.98 | 98.0 


= 
Po 
I 
~ 
= 
a 


po|SULFAPYRIDINE ADDED 


ss em 6 
oS So 
wowt 


ue Se 


Average per cent 98.6| Average per cent : Average per cent 


The data in Table I indicate that excellent recovery (98 to 100 per cent) 
of added sulfapyridine was obtained with the Marshall method," but that quant! 


tative recovery was not secured on the trichloracetic acid filtrates and that 
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8 per cent of the added sulfapyridine was adsorbed by the precipitated proteins. 
This fact was confirmed in the following manner: Ten cubie centimeters of 
sulfapyridine solution containing 1 mg. of the drug were diluted to 100 ¢.c. with 
control trichloracetic acid blood filtrate. Another 10 ¢.c. portion was diluted to 
the same volume with water containing 18 ¢.c. of 15 per cent trichloracetie acid 
per 100 ¢.c. Ten cubic centimeter quantities of each of these solutions gave 
exactly the same amount of color after the addition of the proper reagents. 
This differs from the sulfanilamide experiments wherein quantitative recovery 


was always obtained from the trichloracetie acid filtrates also. The data also 


show that 18 per cent of the added sulfapyridine was adsorbed by the protein- 
tungstate precipitate, as compared with 10 per cent in case of sulfanilamide 


reported in a previous paper.'® Since these losses are consistent, however, re- 
gardless of the concentration of sulfapyridine in the blood, correct values can 
be secured by dividing the obtained values by the factors 0.92 and 0.82, re- 
spectively. 

TABLE I] 


COMPARATIVE ANALYSIS OF THE BLOOD OF PATIENTS UNDERGOING SULFAPYRIDINE THERAPY 
(A) (B) 
MARSHALL METHOD ON PROOM-MARSHALL NAPHTHOQUINONE- 
P-TOLUENESULFONIC METHOD ON ; SULFONIC ACID 
ACID FILTRATES TRICHLORACETIC METHOD ON TUNGSTIC 
ACID FILTRATES ACID FILTRATES 
16.0 1 
12.0 11.5 
10.0 9.0 
9.1 
8.6 


SIND 

© & @ oo 

tn one 
' too COIS DS ~ 
“It 2 Cike 83 Oro nhs So 


bo Storm ¢ 


to tO Nhe 
i bo 

oD te = 2D 3, 
jah ed 


0. 


*The values are given as mg. of sulfapyridine per 100 c.c. of blood. 


In Table IT data are given on a series of bloods secured from patients under- 
going sulfapyridine therapy. Again it is obvious that the values given by the 
Marshall procedure" on the trichloracetie acid filtrates are slightly lower than 
those given by the same method on the p-toluenesulfonie acid filtrates. When 
these lower values are corrected for sulfapyridine loss, incidental to deprotein- 
ization, by the factor 0.92, values are secured which check well with the higher 
and more correct ones given by the regular Marshall method. The findings by 
the naphthoquinonesulfonie acid method are likewise low. When these findings 
are divided by the correction factor 0.82, in this ease, values are secured which 
also check closely with those given by the Marshall procedure. 


CONCLUSIONS AND SUMMARY 


Che sulfapyridine concentration of blood ean be accurately determined by 
the recent Marshall method on p-toluenesulfonie acid filtrates. On trichloracetic 
acid filtrates, however, this method gives values which are low by 8 per cent. 
The naphthoquinonesulfonie acid method on tungstie acid filtrates gives results 
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which are low by 18 per cent. However, correct values can be obtained in each 
case by the use of proper correction factors. The regular Marshall procedure 


has the advantage of greater color production, better proportionality, and prob- 
ably greater accuracy. However, the naphthoquinonesulfonie acid method seems 
to fit in better with the routine hospital work. Thus, it is carried out on the 
regular Folin-Wu tungstie acid blood filtrates, requires fewer and cheaper 


reagents, and a shorter working time. 
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THE INFLUENCE OF THE WATER-SOLUBLE GONADOTROPIC 
FACTOR OF PREGNANCY URINE ON THE TESTES OF 
THE NORMAL IMMATURE AND MATURE RAT* 


Hl. S. Rupinsrers, M.D., Pu.D., ann A. ABARBANEL, A.B., 
BALTIMORE, Mp. 


HE classic work of Zondek (1926), Smith and Engle (1927), Evans and 

others (1933) has shown that the anterior pituitary gland controls the 
gonads. Zondek (1931) has shown that in pregnancy enormous amounts of 
pituitary-like hormone are excreted in the urine. This hormone he has called 
prolan. Since this earlier work, a huge literature has accumulated on the 
effects of prolan on the gonads. While most of these reports concern them- 
selves with the effects upon hypophysectomized animals, relatively few critical 
studies have been carried out on the normal subject. Furthermore, reports 
dealing with the effects of pregnancy urine extract (prolan) upon the male 
vonad are at present quite conflicting. For example, some deny its effect 
upon the germinal epithelium (Engle, 1932; Molien, D’Amour, and Gustavson, 
1933; Robson and Taylor, 1933; Collip, 1934), while others maintain that 
spermatogenesis is either accelerated or inereased (Brouha and Simonnet, 
1929: Borst, Doderlein, and Gastimorovie, 1930: Krause, 1930: Boeters, 1931). 
Moreover, Brosius and Schaffer (1933) and Lloyd (1936) have reported 
spermatogenie stimulation in the human adult. 

In view of these conflicting reports, some of which stood in contradiction 
to the results of one of us (Rubinstein, 1938), in producing an inereased 
spermatozoal output in normal human males with this substance, we decided 
to reinvestigate the problem. 

For this purpose, 40 albino male rats of Wistar Institute stock from 
thirty to one hundred days old were studied. One-half of these (20) served 
as controls. Both groups were further subdivided into those older than forty- 
five days (age of normal testicular descent—Donaldson, 1924) and those 

uger. All animals were kept on a diet of Purina dog chow daily, with 

vegetables added twice weekly. Water was constantly present. The 


animals received daily intraperitoneal injections of the water-soluble 


dotropie factor of pregnancy urine to a total of 25 rat units for the ten 
The animals were sacrificed twenty-four hours after the last injection. 
and testicular weights were recorded, and the gonads were studied 
lv and microscopically. 
RESULTS 
he extract in the doses used had no effect upon the body weights. Pre- 
‘e testicular descent, as previously reported (Rubinstein, 1934), was noted 


from the Laboratory for Research, Surgical Division, Sinai Hospital, Baltimore. 
veceived for publication, October 4, 1938. 
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in all treated animals. In addition, it led to significant increase in testicular 


weights in both mature and immature groups as shown in Table I. 


TABLE T 


Bopy WEIGHTS AND TESTICULAR WEIGHTS OF ALL ANIMALS 


E TESTICULAR WEIGHT 


TEST | DIFFER- 
. . |CONTROLS | pov c.R.” | 
ANIMALS 


“TEST 
ANIMALS 


BODY WEIGHT | 
— ——— | 

| ! 

CONTROLS DIFFERENCE |C, i 

|} ENCE | 





Immature 48.0+ 1.95] ; 
Mature 130.0 + 5.82/12: 
*C, R. indicates the ratio of difference. Differences are considered as probably significant 


only if this ratio is 3 or more. 


54| 443.2 2 |0.352 + 0.004) 0.308 + 0.007 | 0.044 + 0.007] 6.3 
59) S+5.8 | ) 1.996 + 0,084] 1.701 + 0.043] 0.295 + 0.094 3.1 


Histologically, the testes of the immature treated animals (Fig. 14) 
showed a marked increase in interstitial tissue, a moderate hyperemia, a defi- 
nite increase in the number of spermatogonia and spermatocytes, and an 
increased number of mitotic figures. Spermatids were occasionally present, 
but mature spermatozoa could not be seen. In contrast to this the immature 
control testes (Fig. 1B) showed interstitial tissue which was very scant and 
mitotic figures which were considerably less in number. Mature sperm were 
also absent here. In the epididymis of the immature test animals (Fig. 1C) 
could be seen clumps of immature sperm consisting of spermatocytes which 
were often in active mitosis. The epithelium was definitely secretory in char- 
acter. No such cell groups could be seen in the normal immature control 
epididymis (Fig. 1D). 

The testes of the adult test animals showed a marked hyperemia and an 
increase in interstitial tissue. In addition, there was a slight inerease of 
mitotie figures among the spermatogonia and spermatocytes as compared to 
the controls (Fig. 24 and B). Since the mature group showed mature 
spermatozoa in both test and control rats, no striking difference could be 


observed in their epididymides. 
DISCUSSION 


Practically all reports agree that the water-soluble gonadotropie factor 
of pregnancy urine (P. U. extract) causes a marked increase in the interstitial 
tissue of mature and immature rats. Our findings in this respect are merely 
corroborative. In addition to this effect the germinal epithelium in our ani- 
mals also showed evidence of germinal cell stimulation resulting in a marked 
proliferation of spermatogonia and spermatocytes. Although this effect was 
quite noticeable in younger animals, no mature sperm were seen in this group. 

The mechanism of the action of pregnancy urine extract upon the germinal 
epithelium of the testis is probably secondary to the liberation of androgenie 
substance through its action upon the interstitial cells. One is led to this 
explanation for the following reasons: First, the administration of androvens 
alone will lead to precocious testicular descent without evidence of interstitial 
cell involvement. Hamilton (1937) has shown this to be true in the monkey, 
and the same result has been obtained in this laboratory in the rat. Secondly, 
vrowth and maturation of the accessory sex organs as well as maintenance results 
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when androgens are administered to the castrate or immature animal. Thirdly, 
testosterone propionate will bring about proliferative changes of the germinal 
epithelium in the normal immature animal as well as in the hypophysectomized 
rat (Nelson and Gallagher, 1936). Correlative evidence is adduced by the 
fact that this androgen as well as pregnancy urine extract results in an 


increased sperm count in normal human adults (Rubinstein and Kurland 





A. 
Fig. 2.—Testes of mature animals. A, Prolan treated animals showing increased interstitial 
tissue. B, Control. 
Because the results enumerated above through the administration of male 
hormone (testosterone) can also be obtained with pregnancy urine extract 
which predominantly stimulates the interstitial tissue, and because it is now 
known that the interstitial tissue seeretes the androgenic hormone, one may 
safely assume that the effects of pregnancy extract upon the germinal epi- 


thelium result secondarily to the liberated androgen. 
CONCLUSIONS 


The water-soluble gonadotropie factor of pregnancy urine injected into 
normal mature and immature rats leads to precocious testicular descent, sig- 
nificantly enlarged testes (by weight), and increased interstitial tissue. While 
this hormone stimulates germinal cell proliferation, it does not hasten maturation. 

Its mode of action is discussed and it is assumed that while its effect upon 
the interstitial tissue is direct, its germinal proliferative activity is secondary 


to testicular androgenic influence. 
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EXCRETION OF VITAMIN C IN THE SWEAT* 


IRVING S. Wricut, A.B., M.D., AND EvizaBerH MacLENATHEN, B.S., 
New York, N. Y. 

ARLIER work, done by other workers and by ourselves, suggested that 

in persons who were febrile or who were subjected to temperatures suffi 
ciently high as to cause an abnormal excretion of sweat, a substantial amount 
of vitamin C might be excreted through this excessive perspiration. Further 
studies along this line have failed to substantiate this belief. 

Cornbleet, Klein, and Pace in 1936 reported that their determinations 
on sweat, collected from patients confined in a rubber sack during fever 
therapy, showed an average value of 0.55 to 0.64 mg. per cent ascorbic acid. 
Our figures have been considerably lower. 

Sweat was collected from the face and shoulders of patients being treated 
in small whirlpool tanks and from the entire body of patients while under 
treatment in a hot circulation air cabinet at 105° F. The sweat was collected 
in small glass tubes and poured directly into iced tubes containing 1 ¢.c. of 
acetic acid. Five cubie centimeters aliquots were titrated with 2-6 dichlor- 
phenolindophenol dye and the necessary corrections were made. In seventy- 
four determinations on 20 patients under the ordinary hospital dietary regime, 
the amount of ascorbic acid varied from 0.024 mg. per cent to 0.186 mg. per 
cent, the average being 0.041 mg. per cent. The lower figures were sometimes 
only very slightly higher than the water blank. 

When the determinations showed the amount of ascorbie acid in the 
sweat to be exceedingly small, we began to question if the sweat was really 
an important avenue of loss of the vitamin from the body. To follow up this 


experiment, therefore, certain patients were given a five-hour test? a week 
prior to their fever therapy treatment, and the test was repeated again begin- 
ning five minutes prior to the start of the treatment. In this test the intravenous 
injection of 1,000 mg. of crystalline vitamin ( 
the urinary excretion of this substance during the succeeding five hours, 


‘ 


was followed by a study of 


according to the technique which we previously described. Sweat as well as 
the customary urines were collected. The five-hour urinary exeretion dur- 
ing the treatment was lower than that of the week previous. However, 
as the titrations show, the diminished urinary return cannot be explained 
on the basis of loss through sweat. The perspiration collected over the 
five-hour period was divided roughly into four periods which corresponded 
to the rise and fall of the urinary exeretion following an intravenous 

*From the Department of Medicine of the Post-Graduate Medical School and H:« 
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dose of vitamin C. The results obtained from these separate specimens of 


sweat showed slight, if any, variation from each other, or from specimens col- 
lected from the patient before his test dose, or from the range of normal 
values. These 52 determinations varied from 0.029 to 0.057 mg. per cent, and 
averaged 0.042 mg. per cent as compared with the 0.041 mg. per cent average 
value from persons on a normal diet. Since Gibson and Kopp have found 
that the gross water loss through the lungs and the skin during a five-hour 
period under similar conditions ranges between 1,750 and 5,500 ee., 
the most vitamin C which would be lost (using our average figure) would be 
between 2 and 38 mg. This does not begin to compensate for the fall in the 
urinary excretion found when the five-hour test is run simultaneously with a 
fever therapy treatment. It would, therefore, appear that vitamin C is not 
lost in any appreciable amounts through excessive perspiration and that the 
lowered return in the urine is the result of increased body metabolism or some 
other factor. 
CONCLUSIONS 


‘ 


1. The loss of vitamin C sustained during the spells of excessive sweating 
is probably best explained by an inereased body metabolism and the subse- 
quent increased utilization of ascorbie acid in the tissues. 

2. The values obtained from samples of perspiration ranged from 0.024 
to 0.186 mg. per cent ascorbic acid. These values did not appear to be changed 
significantly by the introduction of large amounts of vitamin C (1 gm. 
cebione) intravenously. 
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THE INTRADERMAL TEST FOR VITAMIN C DETERMINATION* 





IRVING S. Wricut, A.B., M.D., AND ExizaperH MacLEeNATHEN, B.S., 
New York, N. Y. 





toate in 1937, and later Portnoy and Wilkinson in the earlier months of 
1938, described an intradermal test by which it was claimed vitamin © sub- 
nutrition could be determined quickly. They prepared a sterile solution of 2-6 
dichlorphenolindophenol containing 2 mg. of the dye in 4.9 ¢.c. water. An area 
free of hair and superficial veins was cleansed with aleohol. One-hundredth cubic 
centimeter of dye was then injected intradermally, forming a wheal slightly 
larger than 2 mm. The time of injection and of complete disappearance of the 
dye coloration were carefully recorded. They found that in persons of normal 









vitamin C nutrition the average decoloration time was less than ten minutes, 





while in persons with a deficiency, the time for complete decoloration was 







above ten minutes. 

In the series which we ran according to the above procedure, we were 
unable to obtain results which could be correlated with the dietary histories 
or the blood plasma ascorbic acid levels. Our results were studied from two 







angles: (1) the relationship of decoloration time to the dietary history and 
blood values for vitamin C, and (2) the effect of the site of injection on the 
decoloration time. Our observations are herewith presented. 

1. Decoloration Time on the Arm in Respect to Vitamin C Intake and Blood 
Level.—In this series, the dietary history and the blood determinations (done 
according to the macromethod of Farmer and Abt) were closely related. The 








intradermal tests, however, showed slight, if any, correlation. 






(A) Of 11 patients with an adequate intake and normal blood values, 
only 3 had a decoloration time of ten minutes or less. The others varied from 






eleven to nineteen minutes. According to the claims of Rotter, Portnoy, and 





others, all of these should average below ten minutes. 






(B) In the group of patients with definitely poor dietary habits and with 
subnormal blood levels, 4 showed decoloration times of ten minutes or less. The 
remaining 7 took anywhere from eleven to thirty-three minutes. 







2. Decoloration Time and Site of Injection—While running the intra- 
dermal tests it was noted that there was frequently a wide variation in the 
response to tests injected within a few centimeters of each other on the volar 
surface of the same arm. The difference in the time on one occasion was as 


great as ten minutes. The question was then raised as to whether arterial 









incompetence or other peripheral vascular disabilities might not play a part 
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in any one person’s response to an intradermal test of 2-6 dichlorphenolindo- 
phenol. Skin tests for vitamin C sufficiency or depletion were, therefore, 
made on a group of patients in our vascular clinic. The injections were given 
on the volar surface of the lower arm and on the medial aspect of the calf 
of the leg. Where the arms were involved in a pathologic process, the tests 
were run on each arm and one leg. Where only the lower extremities were 
affected, the injections were given on each leg and one arm. Oscillometric 
readings were done on these patients. The following results were recorded. 

(A) In one case there was a considerable discrepancy between the read- 
ings on each leg and on the right forearm. 

(B) In 13 eases the readings on the different extremities agreed rather 
closely ; i.e., within five minutes of each other. 

(C) In 2 eases the decoloration times of one pair of extremities were ap- 
proximately the same but differed from that on the opposite (lower or upper) 
extremity. 

(D) In 4 cases the readings on one lee were in accord with those of the 
arm but differed from that of the other leg; the latter, as a rule, being longer. 
In this group it is interesting to note that the longer readings were frequently 
accompanied by diminished oscillometrie reading below the knee. 

All of the patients complained of an intense pain at the time of injection. 
This persisted for a few seconds. In several cases a hard erythematous nodule, 
the size of the original wheal, remained visible at the site of injection for four 
to five weeks. 


CONCLUSIONS 


We do not consider the intradermal injection of 2-6 dichlorphenolindo- 
phenol a reliable guide in the determination of the general status of the body 
vitamin © nutrition. 

1. Variations in the decoloration time were too great to set up a normal 
range. 

2. Readings taken at one site frequently varied considerably from those 
at either a close or distant site. 


) 


3. Cases of marked deficiency on two occasions fell within the normal set 


by Rotter, while the majority of our normals were above. 


NOTE: An article by Poucher and Stubeurauch has appeared in the J. A. M. A. since the 
Completion of our series. These authors likewise report the inadequacy of the intradermal 


est. 
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CYANIDE AS AN AGENT INHIBITING THE OXIDATION 
OF VITAMIN C IN VITRO* 


POTASSIUM 















IrviNG S. Wricut, A.B., M.D., anp ExizapetrH MAcLENATHEN, B.S., 
New York, N. Y. 








Hk report of Pijoan and Klemperer, that the addition of potassium cyanide 





to oxalated specimens of blood would prevent the oxidation of ascorbic 





acid in the blood plasma, was of great interest to us. Following their pro- 





cedure (the addition of 5 mg. of potassium cyanide and 10 mg. of potassium 






oxalate for every 6 to 7 ¢.c. of blood), we ran a series of blood specimens in 


two batches, one with and one without the cyanide. After running over fifty 






such specimens, we have arrived at the conclusion that the addition of potas- 






sium cyanide does not increase the accuracy of the present method of deter- 






mining the ascorbie acid values of blood plasma using the macromethod of 





Farmer and Abt. 





All of our specimens were run immediately after the withdrawal of the 





blood. Where it was possible to obtain large samples, further titrations were 





done in six or twenty-four hours. In many cases determinations made at once 






were the same in both specimens. In others, the cyanide sample gave slightly 
higher results. When excess blood was titrated at later hours, the results 


were occasionally, but not uniformly, the same as in the original titration in 







the cyanide specimens. This was true, though not as frequent in the plain 






oxalated specimens, and pointed toward confirmation of the statement of 
Farmer and Abt that bloods differ in their loss of reduction power on stand- 
ing. Where there was a drop over the six- or twenty-four-hour period, it was 
This was, however, unpredictable and 









generally less in the cyanide specimen. 






hence of no practical value. 


CONCLUSIONS 







1. The addition of potassium cyanide retards slightly, but does not pre- 


vent, the oxidation of ascorbic acid in the blood specimens. Moreover, 1 






tends to enhance the value of the plasma as shown by recent work.* 






2. The apparent protection against oxidation processes is so unpredict- 






able as to be of no practical value. 
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BIOCHEMICAL OBSERVATIONS IN HYPOGLYCEMIA INDUCED 
BY INSULIN* 


II.t Benavior or BLoop Gases IN RELATION TO THE HYPOGLYCEMIC STATE 
EKpwarp F. Rosenpera, M.D., Rociestrer, MINN. 

ECENTLY while treating patients with schizophrenia by means of insulin, 
[ made a number of biochemical observations during the hypoglycemic 
periods. Observations of the effect of insulin on the level of the blood uric 
acid have already been reported... Among my data are included a group of 
studies of the behavior of the gases of the blood during the hypoglycemic 
state. Some seattered reports on this subject are available in the literature, 
but they are contradictory and are not extensive. I am submitting these 


studies because there appears to be a need for more observations of these effects. 


METHOD 


Venous blood was drawn from an elbow vein without aid of tourniquet 
and avoiding stasis. The specimen was collected in a sterile syringe containing 
about 5 ¢.c. of sterile mineral oil which was free of air bubbles. The blood 
was immediately transferred to a small glass beaker containing a few crystals 
of potassium oxalate covered by a layer of sterile mineral oil. The blood was 
stirred immediately and rather gently with a small glass rod. These samples 
were analyzedt for oxygen and carbon dioxide content within thirty minutes 
after the withdrawal of the samples. For determination of the oxygen 
capacity the samples were equilibrated with room air and at room tempera- 
ture by rotating in a separatory funnel until maximal exposure of the blood 

as certain. This required fifteen minutes or longer. The technique and 
pparatus used to determine the oxygen and carbon dioxide of blood samples 
‘e those described by Van Slyke and Neill. All determinations were made 
duplicate simultaneously on two machines. Oxygen saturation of venous 
ood is determined by dividing the value for oxygen content by the oxygen 
city. These studies were conducted with schizophrenic patients who were 


erwise ‘‘metabolically normal.”’ 


OBSERVATIONS 


lf one administers a large dese of insulin and allows hypoglycemia to 
elop, the level of oxygen content of venous blood increases markedly. The 
‘ration with oxygen under these circumstances frequently reaches to a 


*From the Mayo Foundation, Rochester, 

Loe report of the first study in this series was not designated by a Roman numeral. 
title appears in the list of references appended to this report. 
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‘Analysis made by Miss Elizabeth Maclay in the laboratory of Dr. A. E. Osterberg. 


809 








DICINE 


ME 


AND CLINICAL 


- 
lod 
= 
~ 
— 
Ps 
- 
Ls 
< 
load 
= 
-_ 
~ 
loa) 
=a 
< 
— 
ft 
_ 
— 
= 


JOURNAL 


THE 


peuliou 


siyodde—snolsuoy) 


vuoo ouuaddspsod ay Uy 


swojduits 
orumaospsod AY poyley 


suo0jyduiAs 
ormaas [sod At poyxleyy 


BUOD oruaddpsod Ay ul 


OSS 
Osul 


"3° 


OOT 426 


,uvpaASs 


I 


‘OW 


aoo'ld 


NIIOSNI Ad aqgonanyt VINGDATIDOMAP OL 


COG 
ogny Teseu ysnoiyy 
im | | | 


SC Go 


R8'6L 


LLs8 


oro 


O'UG 
“él 


60 GG 


L6l CW 


euop JON OFS 
£6 OLY 
quao sad 


yuad sad 
SIUNjO A saunjo A 


ALIOVdVJ 
NADAXO 


NOLLVULALLVS 
NADAXO 


ro¢ 


asouons “US YC] 


861 
Lot 


S'LS 


6! 


=O 


@ Ga 
y'Le 


ool 
lel HGS 
yuao sad jus sad 
saunjo A S7ULN)O 4 


y' eg 


LNALNOO 
adIxold NOVO 


LNALNOJ 
NADAXO 


I WIavL 


NOLLV1IaY NI doota SNONTA 


K’ 


| LV 


Ao 


ulpodl jo poy eos 


| 


V Oz: | 
OG" | aaaWwAN | 
NV'LISNI a 

, asvo_ | 
SLINA 


Ws 


aLva 














ROSENBERG: HYPOGLYCEMIA INDUCED BY INSULIN 811 


point equaling that of arterial blood. Also, during hypoglycemia, the capacity 


of venous blood to carry oxygen is regularly somewhat increased. The re- 
sponse of the carbon dioxide carrying capacity to hypoglycemia is not always 
the same. In some studies slight rises were detected, whereas in other instances 
the effect of hypoglycemia was to induce a slight fall (Table 1). 

In each of the four studies the appearance of hypoglycemia was accom- 
panied by a substantial rise in the oxygen saturation and oxygen content of 
the venous blood. In Cases 2 and 3 considerable increases in the values for 
oxygen capacity also appeared. In study 4 (Case 2), observations made two 
hours after the termination of the hypoglycemic episode showed that the 
oxygen content and oxygen saturation had returned to normal values for 
venous blood. At this time the color of the venous blood had again become dark. 
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Fig. 1.—Gases in venous blood in relation to hypoglycemia induced by insulin. Develop- 
ment of the hypoglycemic state is accompanied by a marked rise in oxygen saturation, a rise in 
oxygen capacity, and a slight lowering of the level of carbon dioxide content. 

The study on patient 3 illustrates the rates of change in the gas content of 
blood during hypoglycemia and establishes in the form of curves the speed of 
appearanee and disappearance of these effects (Table II, Fig. 1). 

In this study ninety minutes after the injection of a large dose of insulin 
the oxygen content of venous blood had more than doubled, and this increase 
Was maintained more or less constantly throughout the period of hypo- 
glycemia. Carbohydrate was fed four hours after beginning the study. At 
the sixth hour when the patient was completely recovered from hypoglycemia, 
the value for oxygen content and oxygen saturation had returned to normal. 
A definite rise in the oxygen-carrying capacity of blood was likewise present 
one hour after the insulin injection. Not only was this increase maintained 
throughout the hypoglycemic period; it persisted and was present two hours 
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TABLE II 














GASES IN VENOUS BLOOD REPRESENTED IN FiG. 1 














TIME AT WHICH 
BLOOD SAMPLE 
WAS TAKEN 





CARBON DIOXIDE OXYGEN OXYGEN OXYGEN BLOOD 
CONTENT CONTENT SATURATION CAPACITY SUGAR 

















Volumes Volumes Per cent Volumes Mg. per 10 
per cent per cent per cent Ce. 






April 22, 1937. Patient 3; Insulin 90 Units at 7:15 A.M. 





7:15 A.M. 60.2 7.25 10.0 18.14 07.6 
7:45 A.M. 58.0 9.40 56.3 18.64 90.9 
8:15 A.M. 56.9 11.30 59.4 19.08 67.8 
8:45 A.M. 54.9 15.20 81.2 18.96 67.8 
9:15 A.M. 4.1 16.10 85.9 18.73 57.1 
9:45 A.M 54.4 16.00 85.7 18.67 312 
10:15 A.M. 54.7 15.50 82.7 18.75 29.4 
10:45 A.M. 54.9 12.30 64.8 18.98 25.0 
11:15 A.M. 54.9 16.3 86.9 18.76 29.4 
11:17 A.M. 150 gm. sucrose through nasal tube 

1:15 P.M. §3.2 8.45 44.8 1S.S7 168.0 





*Micromethod of Folin. 








after administration of a large amount of carbohydrate had restored the blood 





sugar to normal and the patient to consciousness. Thus not all effects of 






insulin are counteracted promptly by carbohydrate feeding. The charted 







curve of the values for the carbon dioxide content of the blood shows a fall 





during the first two hours following the administration of insulin. This curve 


then reaches a level which is maintained throughout the remainder of the 






observation period. The regular form of this charted curve suggests that the 






change is not due to chance, but that it is the result of some definite change 






in blood chemistry as yet not understood. 






Control Observations—Two studies were made on patients of the same 





group under similar circumstances. The patients were in bed; one was allowed 






TABLE III 











No INSULIN GIVEN 





OBSERVATIONS 





CONTROL 





GASES IN VENOUS BLOOD: 































y 2 
S z < 
| CASE a a - = * = 
DATE NUMBER TIME a z. z Z Z c Z a 7 COMMI 
22 = F - & = = 
<9 . A< w= dl 
| so | 68d om o 0 a 
Milli- 
Volumes | Volumes | Volumes | Volumes | grams 
per cent | per cent | per cent | per cent | per 100 
Ce, 
4/14/37 t 7:35 A.M. 56.8 7.1 36.1 19.4 117.6 Breakfast al 
lowed e 7% 
A.M. 
10:00 A.M.} 58.2 9.2 49.8 18.4 116.3 
11:30 a.M.| 150 gm. sucrose in 500 e.c. milk by mouth 
1:30 p.m.| 61.5 5.7 | 30.7 18.8 125 
1/15/37 | 3 | 7:00am) 562 | 104 | 53.7 19.4 33.3. |No_ breakfast 
| allowed 
10:30 A.M. 55.0 13.7 | 67.0 | 20.5 124.3 
j11:30 A.M.| 150 gm. sucrose in 500 c.c. milk by mouth 
1:30 P.M.| 55.3 1440 | 709 | 19.7 127.0 






*Micromethod of Folin. 
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breakfast and the other was deprived of food. One hundred and fifty grams 


of sucrose were administered to each by mouth at a time corresponding to the 
carbohydrate feedings in the above studies (Table IIT). 

Contrasts between the findings in these control studies and those studies 
in which insulin was administered and hypoglycemia allowed to appear are 
obvious. No significant changes appeared in the oxygen capacity and the 
degree of saturation of the venous blood with oxygen remained within normal 
limits for venous blood in all observations on control subjects. The margin of 
error of the determination of oxygen capacity is usually taken to be 0.5 
volume per cent. For this reason, the changes in oxygen capacity in the 
control study are thought to be insignificant, whereas the degree of change 
in oxygen capacity noted in the studies during hypoglycemia are thought to 
be significant. 


COMMENT 


In 1923 Olmsted and Logan studied the effect of insulin on the central 
nervous system and noted that arterial blood of cats was very dark and 
venous in color when the blood sugar was low. They stated that the approach 
of the blood sugar to the convulsive level could be foretold by observing the 
color and character of the blood. They also described ‘‘many points of re- 
semblance between an insulin convulsion and an asphyxial convulsion such 
as that caused by clamping the trachea of a cat or rabbit.’’ Later Olmsted 
and Taylor reported that the saturation of hemoglobin with oxygen remains 
coustant for three hours after administration of a convulsive dose of insulin, 
that is, until one hour before a convulsion; then it falls. In one of their 
experiments at the beginning of a convulsion the oxyhemoglobin fell to 75 
per cent from an original level of 88 per cent, and after the convulsions it 
returned to nearly normal. Klein and Holzer found that in hypoglycemia 
the alkali reserve, as measured by changes in the carbon dioxide combining 
power, did not vary beyond the limits of normal, but patients in whom the 
more violent symptoms appeared, such as sweating, palpitation, shivering, 
hunger, thirst, and so forth. did show a slight lowering of the alkali reserve. 
They also noted that in contrast to the observations of Olmsted and Logan 
in rabbits, the red color of venous blood almost equals that of arterial blood 
during hypoglycemia in man. Later they* reported studies of the oxygen 
Saturation of venous blood during hypoglycemia, using the Bareroft ap- 
paratus. They found that the oxygen saturation of venous blood in thirteen 
instances of hypoglycemia varied from 86 per cent to 97 per cent. Wiechmann 
and Koch also observed this color change, as did Lauter and Baumann, who 

d also a slight increase in the oxygen capacity of the venous blood during 

elycemia. Briggs, Koechig, Doisy, and Weber have stated that during 
hypoelyeemia there occurs a rise in the value of lactie acid in the blood. This 
may account for the fall in carbon dioxide capacity which I observed in some 
of my studies. 

(he cause of the increased oxygen saturation of venous blood in hypo- 
glycemia is not clear. One probable explanation is suggested by the observa- 
tion of Ernstene and Altschule of an average of 29 per cent increase in cir- 
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culating blood volume per minute during hypoglycemia. If no alteration in 
oxygen utilization in the tissues occurs in hypoglycemic states, then with a 


greater circulating volume per minute less oxygen would be removed from a 


unit volume of blood and the venous blood could be expected to be more satu- 
rated with oxygen. 

The increased carrying capacity of blood for oxygen during hypoglycemia 
is probably due to hemoconcentration. Further observations, including studies 
of behavior of the values for hemoglobin, hematocrit, erythrocyte count, plasma 
chlorides, and serum proteins, support this belief and will be reported later. 


CONCLUSIONS 
1. The development of the hypoglycemic state is associated with a marked 
increase in the concentration of oxygen in the venous blood. This concentration 
reaches values usually found in studies of the arterial blood. 
2. The blood has a greater oxygen-carrying capacity during hypoglycemia 
than normally. 
3. In one instance a slight but steady fall occurred in the value for carbon 
dioxide content of venous blood. 
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BIOCHEMICAL OBSERVATIONS IN HYPOGLYCEMIA INDUCEI 
BY INSULIN* 


Ill. GLYcoRRHACHIA AND HypoGLYCcEMIAt 
Epwakp F. RosenBerG, M.D., Rocuester, MINN. 


tie outstanding clinical phenomena of the hypoglycemic state are mani- 
4¥E festly due to disturbances within the central nervous system.° These 
symptoms presumably reflect alterations in the chemistry of the nerve tissues. 
Studies of the behavior of constituents of the cerebrospinal fluid might be 
expected to throw some light on the nature of the changes which occur in 
the brain, yet so far as | am aware, only one paper dealing with experimental 
effects of insulin hypoglycemia on the cerebrospinal fluid of man and only a 
few reports of the results of animal experiments have been published. <Ae- 
cordingly, | am submitting the following data which bear on this subject. 


METHOD 


Lumbar puncture and venipuncture were performed on fasting patients at 
about 7 A.M. and samples were removed for analyses. Following this a ‘‘coma 
dose’’ of insulin was injected. Thereafter until hypoglycemia was terminated 
by administration of sucrose, lumbar puncture and venipuncture were re- 
peated hourly. Determinations were also made during the afternoons follow- 
ing termination of coma, until the sugar values of the cerebrospinal fluid had 
returned to approximately their original level. All patients used in these 
studies were schizophrenics in whom, except for functional mental disturb- 
ance, there was no evidence of disease. 

OBSERVATIONS 

If one administers a large amount of insulin and induces a profound fall 
in the level of the blood sugar, the cerebrospinal fluid sugar level also falls, 
though not so rapidly as does the blood sugar (Table I, Fig. 1). 

For the purposes of a control I made the following observations. A patient 
was kept at rest in bed. No food and no insulin were given in the morning 


Table II). Thus in a fasting patient to whom no insulin is administered, the 


Sugar content of the cerebrospinal fluid varies somewhat as does the blood 
Sugar during the course of the day. These variations are small and have no 
definite pattern. 

The level of chlorides in the cerebrospinal fluid in the second study 
(Table 1) was not influenced by the effects of the insulin. In the third study 
(Table I) the afternoon chloride levels were somewhat lower than those made 


ee 


*From the Mayo Foundation, Rochester. 


_ tAbridgment of thesis submitted to the Faculty of the Graduate School of the University 
nnesota in partial fulfillment of the requirements for the degree of M.S. in Medicine. 


Received for publication, October 20, 1938. 
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during the hypoglycemic period. These differences probably resulted from 


the fact that patient 2 sweated profusely during hypoglycemia and doubtless 





lost chlorides in perspiration, whereas patient 1 remained dry throughout the 





studies. 
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Fig. 1.—Studies illustrating the relationship between the level of d-glucose in the blood and in 
cerebrospinal fluid during hypoglycemia induced by insulin. 















In the second study (Table I) there does not appear to be any significant 
alteration in the level of protein in the cerebrospinal fluid as a result of insulin 






administration and no pressure changes attributable to the action of insulin. 






The erythrocytes probably resulted from trauma. 







COM MENT 










Rathervy and Sigwald observed the effect of insulin hypoglycemia on the 
5 e e oa 


They stated that in hypo- 





sugar content of the cerebrospinal fluid of dogs. 
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elycemia the level of sugar in the cerebrospinal fluid dropped but not so far 
relatively as did the blood sugar. In one instance blood sugar fell from 120 
mg. per 100 ¢.c. to 37 mg. per 100 ¢.c., and the cerebrospinal fluid sugar fell 
from 80 mg. per 100 ¢.c. to 54 mg. per 100 ¢.c. In their second instance blood 
sugar fell from 86 mg. per 100 ¢.c. to 26 mg. per 100 ¢.¢., the cerebrospinal 
fluid sugar falling from 87 mg. per 100 ¢.c. to 43 mg. per 100 ¢.c. As to the 
pressure of the cerebrospinal fluid in hypoglycemia they always found a rela- 
tive hypotension during the hypoglycemic period as compared with the origi- 
nal pressure. 
TABLE IT 


CONTROL StupDY OF CEREBROSPINAL FLUID IN RELATION TO BLOOD SUGAR 


Ma. per 100 c.e. Mg. pe r 100 ec. 
7 A.M. 95.6 57 
9:30 A.M. SS 62 
11:30 A.M. 95 57 
12 Noon *“luneh’’ 
1:45 P.M. 115 65 
3:45 P.M. 122 68 


rIME SAMPLES WERE TAKEN BLOOD SUGAR” | CEREBROSPINAL FLUID SUGAR” 
} 


*Micromethod of Folin. 


Cahane stated that there is a close relationship between the quantity of 
sugar in blood and in the cerebrospinal fluid. Lowering of the level of the 
blood sugar appeared half an hour after administration of insulin. One hour 
after the injection the level of sugar in the cerebrospinal fluid was lowered. 
The fall in level of the cerebrospinal fluid sugar was relatively less than that 
of the blood sugar. These observations were made on 4 human beings and 
2 dogs; each subject was studied after administration of 20 units of insulin. 
No observations of the recovery phase were reported. 

Kasahara and Uetani have reported studies of the cerebrospinal fluid 
suvar in the rabbit following insulin administration. Insulin doses of 0.5 unit 
per kilogram induced hypoglycorrhachia in the rabbit which attained its 
maximum between the second and third hours after the injection. The level 
of the cerebrospinal fluid sugar usually had returned to normal after seven 
hours. 

Numerous individual observations of the level of the cerebrospinal fluid 
sugar of patients in hypoglycemia have undoubtedly been studied and some 
have been reported. Davis and Brown have published such a study. They 
observed a patient in hypoglyeemie coma and administered 100 gm. of 
d-glucose intravenously, but the patient did not respond. Blood sugar after 
death was 176 mg. per 100 ¢.c. but the spinal fluid sugar was only 25 mg. per 
100 «.c. Then they made some studies in dogs. First they recorded the blood 
and cerebrospinal fluid sugar values and then administered insulin. When the 
dogs were in hypoglycemia, these values were redetermined. Insulin caused 
the usual fall in blood sugar and the cerebrospinal fluid sugar fell also. The 
drop in blood sugar was more marked than the drop in sugar level of the cerebro- 
spinal fluid. 

Drabkin and Ravdin found a rise in the pressure of the cerebrospinal fluid 
of hydrated dogs during hypoglycemia, but no rise in the pressure of the 
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cerebrospinal fluid in dehydrated dogs under the same circumstances. Patient 


1 in my second study (Table 1) did not ave any perceptible rise during 


hypoglycemia in the pressure of the cerebrospinal fluid as measured by the 


water manometer. 
CONCLUSIONS 


1. Lowering of the level of blood sugar following the administration of 
insulin is accompanied in man by a corresponding but slower fall in level of 
cerebrospinal fluid sugar. 

2. Administration of carbohydrate to a patient in hypoglycemic coma 
induces a rapid rise in blood sugar level and a corresponding but slower rise 
in level of cerebrospinal fluid sugar. 


3. Administration of insulin has no definite influence on the level of 


chlorides or protein in cerebrospinal fluid. 
4. No changes in pressure of cerebrospinal fluid which can be attributed 
to the effect of insulin occurred during insulin hypoglycemia among these 


patients. 
REFERENCES 


1. Cahane, M.: Influence de 1’insuline sur la glycorachie, Compt. rend. Soe. de biol. 111: 
111, 1932. 
Davis, Reuben, and Brown, Herman: Spinal Fluid Sugar Determinations in Experimenta! 
Hypoglycemia of Dogs, J. Las. & CLIN. MEp. 19: 1049, 1954. 
Drabkin, D. L., and Ravdin, I. S.: The Mechanism of Convulsions in Insulin Hypoglycemia. 
Interr .ationship of Blood Concentration, Cerebrospinal Pressure and Convulsions, 
Am. J. Physiol. 118: 174, 1937. 
Kasahara, Michio, and Uetani, Nikichi: The Effect of Insulin Upon the Reducing Sub 
stance in the Cerebrospinal Fluid of Normal Rabbits, J. Biol. Chem. 59: 433, 1924. 
Moersch, F. P., and Kernohan, J. W.: Hypoglycemia; Neurologic and Neuropathologic 
Studies, Arch. Neurol. & Psychiat. 39: 242, 1938. 
3. Osterberg, A. E., and Sehmidt, Edna V.: The Estimation of Plasma Chlorides, J. Las. & 
CLIN. MED. 13: 172, 1927. 
Rathery, F., and Sigwald, J.: Etude expérimentale des modifications humorales dans 
l’hypoglyecémie insulinique chez le chien, Compt. rend. Soe. de biol. 107: 1074, 1951 
Todd, J. C., and Sanford, A. H.: Clinical Diagnosis by Laboratory Methods, ed. 8, Phila- 
delphia, 1935, W. B. Saunders Co., p. 544. 





PLATELET STUDIES IN NORMAL MEN AND WOMEN (MENSTRUAT- 
ING AND NONMENSTRUATING) AND SUBJECTS WITH 
BLEEDING DISORDERS* 


Counts, DISINTEGRATION RATES, AND INTRADERMAL PLATELET INJECTIONS 
Pear Lee, M.D., ANp Berry Nims Erickson, M.A., Derrorr, Micu. 

HE role played by the platelets in the mechanism of blood clotting has 

long furnished investigators with an intriguing problem. Extensive re- 
search over many years has yielded impertant facts concerning their origin, 
morphology, and physiology. More recently, accurate knowledge of their 
chemical composition has been added.t. Nevertheless, the exact manner in 
which they enter into the normal clotting process, and the cause of their varia- 
tions in the bleeding disorders is still very imperfectly understood. 

The lack of adequate methods has, in most instances, limited the clinical 
study of platelets to an enumeration of the total count. Recently, Olef? has 
evolved a method for making total counts which provides for a differential 
on the basis of size. Probably the best method available for determining the 
relative fragility of the platelets in health and disease** has also been de- 
veloped by Olef.5+ He styles his determination the ‘‘Disintegration Rate.” 
The greatest advantage of this method is that it makes possible a comparison 
of the differential formula of the initial count with that obtained after the 
disintegration period. 

Using these improved methods of approach to platelet behavior, a study 
was made of total and differential platelet counts, and disintegration rates 
accompanied by platelet lipid determinations.? Normal men and women, men- 
Struating women, hemophiliacs, and patients with thrombopenic purpuras 
were subjects of study. The results of this study are supplemented in this 
paper by the results of several years’ work on skin sensitivity to washed 
platelet suspensions. The skin sensitivity is correlated with the total platelet 
count and disintegration rate. 

Olef’s method? for total and differential platelet counting is time-consum- 
ing and requires considerable experience in its use for the production of sue- 
cessful results. The method is an indirect one, involving the use of a solution 
of sodium metaphosphate to prevent clumping and disintegration. A drop of 
the metaphosphate is placed over the site of the finger puncture so that the 


bloo| is mixed directly with the diluting fluid and does not contact the skin. 


~ from the Children’s Hospital of Michigan and the Research Laboratory, Children’s Fund 
or i igan. 
eceived for publication, October 21, 1938. 
Olef’s technique for disintegration rate’ was modified slightly by placing the paraffin cup 
ning the blood in the incubator at 37° C. for six hours, instead of the refrigerator for 
hours. 
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TABLE I 


Nonmenstruating Women 





AND CLINICAL 





TOTAL AND DIFFERENTIAL PLATELET COUNTS* 





MEDICINE 









TOTAL ] COUNT | COUNT NEAREST MEAN DIFFERENTIAL 
PLATELET | NEAREST | __ COUNT z 
RANGE MEAN GROUP I GROUP II GROUP III 
an ay pe r | pe r pe 1 
cent cent cent 
788-870 S00 56 7 | 648 81 96 12 
369-458 27 192 45 | 222 52 13 3! 
850-1030 057 57 6 | 766 80 13 14 
520-793 626 319 51 301 48 6 ] 
480-690 70 188 33 342 60 40 7 
490-570 490 245 50 | 240 49 5 l 
477-570 508 137 Se | Se 73 0 
440-693 440 114 26 | 326 74 0 
328-712 424 84 20 | 280 66 60 14 
542-813 715 350 49 | 365 51 0 
502-421 71 152 #1 | 219 ate) 0 
726-928 S11 219 27 560 69 32 } 
511-586 511 128 95 383 75 0 
629-882 828 248 30 | 580 70 0 
356-407 378 159 42 | 215 57 } 1$ 
23-448 423 288 68 135 ae 0 
574-613 574 86 15 | 465 81 23 { 
578-801 695 249 36 367 §3 76 1] 
585-875 792 340 43 428 54 24 3 
1026-1206 1098 318 29 758 69 99 9 
639-761 711 242 34 455 64 14 2 
400-539 428 111 26 | 287 67 | 30 7 
539-621 539 140 26 377 70 22 } 
481-502 485 218 45 | 267 55 0 
387-582 $61 157 3 300 46 4 ] 
426-471 451 221 49 230 51 0 
504-558 504 222 $4 | 257 51 25 a) 
330-688 330 122 37 | 208 63 0 





*All counts in each group were taken within thirty days, Thirty days or more elapsed 
between groups of counts on the same individual. 


*When only two counts were taken, the lowest total was used as count nearest mean. 


tAcute cold and sinusitis for ten days. 
cough. 


§Sinus 
period. 


for counting. 


**Acute cold 


infection 





and severe 


and sinusitis. 


Five days 


elapsed between this 


and t 


he prece 


After transferring the mixture to a paraffin cup, fresh preparations are made 


ding 







A simultaneous erythrocyte count is also necessary, to calculate 
The platelets are differentiated into three 


the absolute number of platelets. 


classes according to size, using the red blood cell as a standard. 
one-fourth the size of the red blood cell, Group II is one-third, and Group III 


one-half. 


Group | 1s 


This method gives higher total counts than most of those used, 


mainly because there is less platelet destruction involved in the preparation 
Further details of this method may be found in the authors 


of the slides. 


paper. 
All blood samples were taken between 10 and 11 o'clock in the morning, 
To establish a normal total fi 


approximately two hours after eating. 





iia re 
gure 


for 
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any individual, counts were made on three successive days. <A variation of 
100,000 was allowed as the limits of error. 

Observations were made on 4 normal men, 10 normal women, when not 
menstruating, and 9 hemophilic children. Five of the women were studied 
during menstruation. The normal individuals were all in good health and 
had no history of unusual bleeding. The hemophiliacs had been under obser- 
vation for several years. Their histories, and laboratory and clinical findings 
were typical of this bleeding disorder. _ 

Table I presents the normal total and differential studies. It consists of 
the counts divided into 21 groups, made on 14 different subjects. The count 
nearest the mean for the group is given with its differential. This method of 
selection is followed in all the tables. When only two counts were taken, 
the lowest is used with its differential. 

Inspection of the total counts (Table I) reveals that the groups for the 
same individual vary widely. This bears out Brakefield’s report!! of wide 
variations from week to week upon the same subject. The counts in any 
group, with one exception, were taken within intervals of thirty days. Where 
there was a marked drop, it was usually associated with an acute cold and 
sinusitis. Subjects 1, 6, and 9 demonstrate these findings. There are no differ- 
ences apparent between the men and women. Seven groups of counts presented 
in Table I were made upon 5 of the normal women when they were menstruating. 


TABLE II 
TOTAL PLATELET AND DIFFERENTIAL COUNTS 


HEMOPHILIACS 


(All platelet counts expressed in thousands) 








MALE NUMBER TOTAL COUNT COUNT NEAREST MEAN 
SUBJECTS OF PLATELET NEAREST DIFFERENTIAL COUNT 
AGE | COUNTS RANGE MEAN GROUP I GROUP II GROUP 
per per 
cent cent 
150-1188 | 8 524 70 210 28 14 
546-640 546 | 202 37 344 63 0 
252-506 252 | 126 50 101 40 25 
991-1157 ‘ 597 59 416 41 0 
944-974 ‘ | 604 65 331 35 9 
450 45 | 270 60 166 37 14 
414 . 166 40 248 60 0 
317-1441 d 101 32 216 68 0 
639 i3¢ | 256 40 | 377 59 | 6 











met DS de bo DO Co 


a 





counts 





*“When only two counts were taken, the lowest was used. 


The same type of information is given for hemophiliacs in Table II. Here 
a total of 18 counts is divided into nine groups. Nine different individuals 
are the subjects of the study. 

\ comparative analysis of Tables I and II may be made by comparing the 
group averages and ranges for the counts nearest the mean according to the 
frequency of the occurrence of the total counts at three levels (400-600 thou- 


sand, 600-800 thousand, and over 800 thousand). These figures are given 
in Table TIT. 
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It may be seen that about 63 per cent of the normal total counts are in- 





cluded at the lowest level. All the seven groups made on menstruating women 





are in the 400-600 thousand range. In this small series, the counts during 





menstruation are definitely lower than in the group including both men and 
Genell'? has pointed out similar decreases in the 





nonmenstruating women. 





counts during menstruation. 
TABLE IIT 











RANGES OF DIFFERENTIAL PLATELET COUNTS OF TOTAL COUNTS AT 
THREE RANGE LEVELS 


AVERAGES AND 













FREQUENCY DISTRIBUTION ACCORDING T\ 
NUMBER GROUPS OF TOTAL COUNT LEVELS 

OF DETER- 
SUBJECTS MINATIONS 







400-600 600-S00 S00 4 
THOUSAND THOUSAND 









THOUSAND 











VYormal M & F (Nonmen 14 21 11 5 5 
struating ) (4M, 10F) 








Group I: 
161 300 180 
S4-28S 242-350 56-318 






Average 
Range 










Group t§ 
383 662 


] 
165 301-455 560-766 






Average 
Range 













(Nonmenstruat § 9 6 l 9 


Normal F* 


ing) 








Group A: 
154 350 O24 


219-248 





Average 
Range 










Group II: 
260 365 570 


135-385 560-580 






Average 


Range 






Normal F* (Menstruating) 5  f 7 0 0 






Group I: 
170 
111-222 






Average 
Range 












Group IT: 


» 


~] 
~~ Wt 


Average 
Range 







(Children) 








Hemophiliacst 
Group I: 
175 390 600 

7 


101-270 256-524 597-604 





Average 
Range 










Group II: 








Average | 215 294 374 
101-344 210-377 331-416 





Range 





*Same 5 women. 
*Two counts in this group are below 350,000. 














different types of subjects is found 





No significant difference between the 
in the distribution of Groups I and II, in the lowest total count level. 
ever, there is a definite difference in the highest level counts (800,000 or 


for the normals and the hemophiliacs. In the high counts for the normals 4 
isand 





How- 






over 






much greater percentage of Group II is present than in the 400-600 tho: 
class. The hemophiliacs reverse this picture, i.e., they show a marked it 






crease in the percentage of Group I in the high counts. 
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Olef!® states in his paper on the clinical significance of the differential 
platelet count that in the study, of 45 adults he obtained the following aver- 
age: Group I, 18.6 per cent; Group II, 63.3 per cent; Group IIT, 17.4 per cent. 
The method as used here gave averages of 33 per cent for Group I, and 63 
per cent for Group II. Group III was usually so small that it has been ignored 
in the general averages. 

Olef included a Group IV, consisting of odd-shaped platelets, in the dif- 
ferential. The number of these is so small that we have ignored his group 
completely. 


DISINTEGRATION RATES 


In Table LV the disintegration rates for normal women are presented. The 
subjects when not menstruating show a decrease in total count after six hours, 
ranging from 30 per cent to 52 per cent, with an average of 41. The women 
when menstruating have disintegration rates varying from —16 to +39, with 
an average of +2. (The ‘‘+’’ sign indicates that the total eount was increased 
by that per cent. ) 

Table V presents 15 disintegration rates performed on 9 different hemo- 
philiaes. The rates ranged from —27 to +89, with an average of +2.5. An 
analysis of the changes in the differential at the end of the six-hour period is 
given in Table VI, based upon the results contained in Tables TV and V. 

A comparison of the disintegration rate for the various subjects shows 
that the rate is much faster for the normal nonmenstruating women than for 
any of the other groups presented. The range was from -—30 per cent to -52 
per cent, with an average of —41 per cent. In this paper we have considered 
anything slower than —30 to be retarded. Olef*® regarded any figure faster 
than -10 as normal. However, the method as handled in this laboratory gave 
much higher results. Perhaps incubation for six hours, instead of placing in 
the refrigerator for eight hours, accounts for the difference. The analysis of 
the percentage changes in Groups I and II of the differential after the six-hour 
period ean be used to show general trends only, because of the small size of 
the groups. 

The hemophiliaes are separated according to clotting time and treatment. 
While the untreated hemophiliacs tend to give a decrease in Group I (average 

25 per cent) and an increase in Group II (average +63 per cent), the trans- 
fused cases present the reverse: that is, an increase in Group I and a decrease 
in Group II. This is, perhaps, a step toward the normal distribution. The one 
hemophiliae treated with placental coagulant and the one treated with splenic 
extract and also the three with shorter clotting times, show the same type of 
variation as the transfused group." 

Several facts are apparent from this analysis: first, the menstruating 
Women and all the hemophiliacs have a markedly delayed platelet disintegra- 
tion rate; second, the differential changes are important as well as the actual 
disintegration rates. All the hemophiliacs vary considerably from the normal, 
but the untreated eases with long clotting times show the widest variance. - The 
decrease in Group I with an increase in Group II suggests that the smaller 





THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


TABLE IV 


DISINTEGRATION RATES—NORMAL WOMEN 


(All platelet counts expressed in thousands) 











CASE CLOTTING TOTAL | DIFFERENTIAL COUNT 
NO.  TIME10 PLATELETS | GROUP I GROUP It | GROUP 





Nonmenstruating women 


5 10 min. Initial 19: 3 499 21 
After 6 hr. ineubation : 263 21 
Increase or decrease 389 5g A7T% 


12 min. Initial 
After 6 hr. incubation 
Increase or decrease +30% 


8 
° 
, 


11 
15 





9 min. Initial 88 | 445 
After 6 hr. ineubation 102 | 163 
Increase or decrease 29 +16% | —63% 


/ 


11 min. Initial 248 
After 6 hr. incubation 213 
Increase or decrease —-14% 


Initial 143 315 
After 6 hr. incubation! ; 111 
Increase or decrease —65% 


enstruating women 
19 min. Initial 111 
After 6 hr. incubation 142 

Increase or decrease 3s t28% 


Initial 168 
After 6 hr. incubation o6 214 
Increase or decrease yA 4+27% 


min. Initial 85 218 
After 6 hr. incubation : | 124 
Increase or decrease 59 43% 





min, Initial j | 457 
After 6 hr. incubation 258 
Increase or decrease y 464 


min. Initial 221 
After 6 hr. incubation 6 140 
Increase or decrease : -37% 





min. Initial 5 222 257 
After 6 hr. ineubation} 513 308 205 


Increase or decrease} 439% -20% 





Initial | 3: | 422 208 


. : . | | 9? 
After 6 hr. incubation! < | 104 225 
Increase or decrease! +13% | -15% +8% 





platelets have imbibed fluid and thus increased in size. Ferguson’’ has show! 
that the first stage in disintegration of the normal platelet is an absorption of 
fluid and consequent increase in size. Perhaps the process has stopped a! this 
point instead of going on to complete breakdown or, in those subjects showing 
an increase in Group I, the process may have gone a step farther and resulted 
in the breaking up of the large forms into two or more smaller parts. 

It seems obvious that transfusion and the treatment by splenic extract 
and placental coagulant have modified the abnormal differential somewhat, but 
not enough to change the disintegration rate. Clinical records indicat: that 
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TABLE V 
DISINTEGRATION RATES—HEMOPHILIACS 


(All platelet counts expressed in thousands) 





DIFFERENTIAL COUNT 
GROUP I | GROUP I | GROUP III 


| vorTran | 
| PLATELETS | 





CASE CLOTTING 
NO. TIME1° 








No treatment 


15 


Trav 


18 


Place 
19 


Sple Nhe 


20 


2 hr. 


min, 


min. 


min, 


sfusion 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 


After 6 hr. 


Increase 


Initial 
After 6 hr. 
Increase 


fal coagulant 


t hr. 


rtract 


5 hr. 


Initial 
After 6 hr. 
Increase 


Initial 


After 6 hr. 


incubation 
or decrease 


incubation 
or decrease | 


; — 
incubation | 
or decrease | 


incubation 
or decrease 
, — 
incubation | 
or decrease | 

| 
, all 
incubation 
or decrease | 


incubation | 
or decrease | 


incubation | 
or decrease | 


incubation | 
or decrease 


incubation} 
or decrease | 


| 
incubation | 
or decrease | 


incubation 
or decrease 


incubation | 
or decrease 


incubation 
or decrease 





incubation | 


Increase or decrease} 


4 
} 


v0 


—27% 
450 
520 
416% 


1188 
918 
23% 
640 
$OS 


22% 
506 
524 

T 41% 


a24 
962 


4 f 
—d0% 


329 

140 
—d7% 

297 

340 
+14% 


365 
204 
—44% 


253 


194 
23% 

126 

167 
132% 


347 
180 
48% 


166 


152% 


210 14 
261 
+2 1% 
117 
380 
+225% 
S9] 
569 


560% 


P69 


289 


248 
330 
+33% 


101 
305 


UJ ras 
+202% 


S10 
944 


—16% 
248 
288 
416% 
216 


230 
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TABLE VI 








COMPARISON OF DIFFERENTIAL PLATELET COUNTS AFTER 6-HoUR DISINTEGRATION PERIOD 








we. 1... ie AVG. PER 

DISIN a | Cee | cme FTE DECREASE AFTER | CENTAGI 

SIN- NCREASE AFTER YECREASE AFTER | CENTAG 
BER OF | OF DE- c oS Artes ‘ 










TEGRA- 6 TRS 6 HOURS INCREAS! 
m< | suB- | TERMINA- : , 
TION : 2 OR DE 
ca JECTS TIONS ” : 
RATE NUMBER AVERAGE | NU MBER AVERAGE CREASI 
Per cent Per cent 
Normal F (Non —41 4 5 
menstruating ) 
Group I 1 16 } +] 50 
Group II 1 30 4 50 —34 






Normal F (Men 
struating ) 















Group I { 40 3 32 + 9 
Group II 5) 27 | J 26 CO 3 
Hemophiliacs (no 4.8 4 7 
treatment ) 
Group I 2 23 5 $4 25 
Group II 5 98 2 26 +62 
Hemophiliacs -1 2 3 
(Transfused) 
Group I ) tS — tS 
Group II - ~ 3} 27 27 
Hemophiliac | +2 1 1 
(treated with 
| 
placental ex- 
tract ) 
Group I 1 11] - +111 
_ : 15 


Group II 










Hemophiliac 


















(treated with 

splenic extract* ) 

Group I | l 52 . - 52 

Group II - - l 11 t] 
Hemophiliacs with | -3 3 3 

maximum clot- 

ting time of 30” | 

Group I (One showed no 2 Oo” 20 

change ) 
Group II 2 11 1 3 6 








*A protein-free splenic extract prepared by Wilson Laboratories, Chicago. 





the treatment in the two cases made the bleeding less severe. The cases with 





short clotting times have the same type of differentials as the treated cases 





This similarity in platelets may indicate the cause of their shorter clotting time. 






It is very interesting that the menstruating individuals should also show a 





retarded disintegration rate. In the small series here no definite conclusions 


ean be drawn concerning the differential distribution. Their clotting times 







fall within the same range as the mild hemophiliaes. 












TO INTRADERMAL PLATELET INJECTIONS 





SENSITIVITY 





For the past four years skin sensitivity tests with platelet preparations 
hemo- 





have been performed on subjects with normal clotting mechanisms, on 






philiaes, and on patients with thrombopeniec purpuras. 





ions 


mo- 
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To prepare the platelet suspension, 10 ¢.c. of venous blood was drawn into 
a syringe containing 5 ¢.c. of 10 per cent sodium citrate. This was discharged 
into a flask containing another 5 ¢.c. of the citrate solution, making the final 
concentration 5 per cent. During the last year Olef’s metaphosphate solution 
has been substituted for the citrate, since it seems to be a better platelet pre- 
servative. The blood was thoroughly chilled before centrifuging, and kept as 
cold as possible. 

For injection the final washing of the suspension is performed with 0.85 
per cent sodium chloride, and the platelets finally suspended in 3 ¢.c. of the 
saline. Sterile technique must be observed throughout.* 

Table VII represents the results of intradermal injection of 0.1 ¢.c. of the 
sterile platelet suspension. The normal reaction consists of a wheal about 4% 
inch in diameter which can be definitely felt on palpation, with an area of 
redness 14 to 8g inch in diameter. Anything larger is considered to be abnor- 
mal and is designated as a hypersensitivity. Patients giving no reaction are 
designated as hyposensitive. 

Nine subjects with normal clotting mechanisms and normal platelet counts 
are presented in Table VII. These give the reaction considered to be normal. 

Eight untreated hemophiliacs gave absolutely negative reactions. This 
finding is very interesting when considered in the light of the retarded platelet 
disintegration rate vf these patients, as given in Table V. 

Subjects 31 through 36 are patients with thrombopenic purpuras, proved 
by history and prolonged observation to be of the chronic idiopathic type. In 
these cases an increased reaction was observed. 

Subjects 37 through 41 are patients with secondary thrombopenias follow- 
ing measles. These may be divided into two classes. One class gave an in- 
creased, the other a negative, reaction during the purpura. Both returned to 
normal as the platelet count returned to normal. 

An aplastic anemia case (Subject 42) gave a negative skin test. This 
patient may be assumed to have had an aplasia of the platelets. 

The question of the interpretation of skin sensitivity to platelets and its 
use in clinical diagnosis becomes an interesting one. Three types of reactions 
have been demonstrated: the one occurring in the normal individual; an in- 
creased reaction occurring in the idiopathic thrombopenias and part of the 
secondary types; and the absolutely negative test demonstrated thus far only 
in hemophilia and a few secondary thrombopenias. 

What determines sensitivity or the lack of it? It is known that all the 
blood components, including the platelets, are constantly being destroyed and 
replaced. Probably in the normal individual enough substances are released 
into the circulating blood, from the disintegrating platelets, to produce a 
slight skin sensitivity. The extreme opposite of the normal is represented by 
the idiopathic thrombopenia. Here the platelets are probably being destroyed 
rapidly, thus releasing an excessive amount of platelet substances into the 


blood. The fact that most of these cases after splenectomy have shown 


— 


“The lipid distribution of human platelets in health and disease.® 
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TABLE VII 
SENSITIVITY TO INTRADERMAL PLATELET INJECTIONS 


~ SKIN» 























SUBJECT | | aoe 
cee DIAGNOSIS | pomenmny ae sepangingapueanl 
NO. AGE SEX COUNT” |ro PLATE- —— 
| LETS 
> 23 F |Normal 693  |Normal —38 
9 42 F |Normal 828 |Normal —t0 
24+ 8 F |Mastoiditis 300 |Normal 
25 4 M |Epilepsy 300 |Normal 
26 5 F |Empyema 300 |Normal 
27 6 F | Mastoiditis 250 |Normal 
28 9 M |Mastoiditis 300 |Normal 
29 12 M | Tuberculosis 250 |Normal 
30) «(330 F | Normal 300 |Normal 
15 18 M |Hemophilia 1188 |Hypo- 22 
16 7 M |Hemophilia 640 |Hypo- 22 
17 8 M |Hemophilia 506 |Hypo- 3+ 
18 4M |Hemophilia 1157 |Hypo- 7+ 
19 9 M |Hemophilia 974 |Hypo- | 0.1 
20 13 M |Hemophilia 450 |Hypo- 144 
21. 15 M |Hemophilia 414 |Hypo- 2+ 
23 6 M |Hemophilia 639 |Hypo- | 17 
Thrombopenic purpura: 
31 10 M Chronic idiopathic 50 |Hyper- 
32 11 M Chronic idiopathic 20 |Hyper- 
33 8 M Chronie idiopathic 20 Hyper- 
34 10 F Chronic idiopathic 20 |Hyper- 
35t 11 F Chronic idiopathic 24 Hyper- 
36 5 M Chronic idiopathic 49 Hyper- 
37 S$ F Secondary thrombopenia 20 Hyper- iPost measles 
7 2 F Secondary thrombopenia (20 days later) 230 =|Normal 
38t 8 F Secondary thrombopenia 19 |Hyper- |Post measles 
38t 8 F Secondary thrombopenia ( 6 days later) 260 |Normal | 
39 2 M | Secondary thrombopenia 20 |Hypo- 'Post measles 
39 2 M | Secondary thrombopenia (21 days later)| 350 {Normal | 
40 3 oF Secondary thrombopenia 20 |\Hypo- |Post measles 
40 3. F Secondary thrombopenia ( 9 days later) | 250 \Normal | 
41 2 M Secondary thrombopenia 20 |Hypo- Post measles 
41 2M Secondary thrombopenia (28 days later) | 250 |\Normal | 
42 5 F |Apastic anemia 10 |Hypo- 








*All platelet counts expressed in thousands. 


7Counts 24-30 and 38-42 were performed by a method which gives a lower count than 
Olef’s. 


tThe platelet samples used in this study were procured after splenectomy. Complet« 
platelet analyses after splenectomy are presented.® 
marked postoperative increases in the count, gradually returning to normal, 
would indicate that there is an actual hyperplasia of the platelet-forming 
tissue, thus leading to a still greater release of platelet substances. This 
would account for the increased skin sensitivity. The skin test upon an idio- 
pathic thrombopenia should be a reliable basis on which to form a preopera- 
tive prognosis: the more marked the reaction, the more likely the patient 
will be to make a good recovery from the purpura after splenectomy. Any 
patient who appears to belong to this classification and gives a negative re- 
action should arouse a suspicion of an incorrect diagnosis. 

The increased skin sensitivity found in part of the secondary thrombo- 
penias is probably produced by the same mechanism as in the idiopathic types. 
The secondaries giving a negative reaction may be assumed to have a hypo- 
plasia instead of an excessive destruction. In a hypoplasia or aplasia, where 
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few platelets are thrown into the blood stream, there will be a lack of dis- 
integration products to stimulate a sensitivity. The fact that both of these 
secondary groups give a normal reaction after the platelet count has risen sup- 
ports this theory. The skin test may, therefore, distinguish between excessive 
destruction and hypoplasia. 

The negative reaction of the hemophiliacs is obviously not due to hypo- 
plasia. Another factor is present in this disease which theoretically might 
lead to less than normal platelet destruction, namely, the decreased disinte- 
gration rate. Since the total count seems to follow the usual normal levels, 
that is, it is not increased in spite of the lessened disintegration, it is likely 
that the platelet-producing tissues are not as active as in the normal individ- 
uals. The skin sensitivity to platelets may prove to be a useful diagnostic 
test in hemophilia. 





SUMMARY 


A study of the total and differential platelet counts and disintegration 
rates, with changes in the differential at the end of the disintegration period, 
was made upon normal men and nonmenstruating women, normal women dur- 
ing menstruation, and hemophiliacs. The majority of the total counts in all 
groups were between 400 and 600 thousand. Acute colds seemed to cause a 
definite drop in the count. During menstruation the totals were moderately 
lowered. 

When the count was high in normal individuals, the percentage of large 
platelets in the differential was higher, while in the hemophiliacs the propor- 
tion of large platelets was notably decreased. The disintegration rate deter- 
minations indicated a 30 per cent destruction as the lower limit of normal. 
Hemophiliaes and menstruating women gave a markedly retarded rate. The 
clotting time was delayed up to twenty minutes during menstruation, the nor- 
mal with the method used being ten to twelve minutes. These points estab- 
lish an interesting similarity between the blood of hemophiliacs and men- 
struating women. 

Intradermal platelet injections were shown to produce a mild reaction in 
normal individuals whereas hemophiliacs gave a negative, and patients with 
chronie idiopathic thrombopeniec purpuras an increased, reaction. One ease of 
aplastic anemia with very few platelets gave a negative reaction. The second- 


y ary thrombopenias evidently presented a mixed group, some giving an in- 
5 creased reaction, others a negative. All reactions became normal, however, 


" when the platelet count became normal. 
The data obtained in this study indicate that platelet differential counts 


t and disintegration rates, together with tests of skin sensitivity to platelets, 
y may become important aids in diagnosis and prognosis. 
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ACTION OF SODIUM THIOCYANATE UPON TISSUE 
OXYGEN CONSUMPTION®* 














DALE G. FRIEND, M.D., Boston, MAss., AND 
Rocer W. Rorrnson, M.D., Worcester, MAss. 






INCE Pauli! * described the use of the thiocyanate ion in the treatment of 
hypertension, this drug has been used as a valuable therapeutic aid in 







several clinics both in this country and abroad. Favorable reports of the 





results in lowering blood pressure and relieving cerebral symptoms have ap- 
peared frequently in the literature. All investigators have noted toxie effects 







from the drug in various percentages of their cases. These consist of weak 
5 





ness, nausea, and vomiting, dermatitis, periods of hallucinations, motor 





aphasia, and even two fatalities with delirium, convulsions, coma, and death. 





The earlier use of the drug consisted of a daily dose between 1 and 2 gm. of 






either the sodium or potassium salt. Toxic symptoms were frequent with 
that dosage. After Barker*® described the method of determining the thio 
cyanate concentration in the blood, it was possible to adjust the dose to cer 







tain blood concentrations in each patient, and the more serious toxie sym) 






toms from the drug have been experienced less frequently. 
With the wide use of this drug, it is surprising that so little is known 







about its pharmacology and mode of action in lowering blood pressure. 


Claude Bernard? in 1857 described experiments in which he gave large doses 







of thiocyanate intravenously to dogs and came to the conclusion that the drug 
It abolished muscular activity without 





was a direct smooth muscle poison. 









*From the Department of Biochemistry of the Harvard Medical School and the Medi 
Clinics of the Peter Bent Brigham Hospital, Boston. 
Received for publication, October 22, 1938. 
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producing any sensory change. Pauli! ? and Bentley and LeRoy’ thought 
that the beneficial results in arteriosclerosis were due to the power of thio- 
eyanate to dissolve caleareous deposits in the arteriosclerotic areas in the 
arteries. Logefiel® opposed this viewpoint because of the prompt drop in 
blood pressure produced by the drug and the fact that the drop was not 
permanent. Pauli! ? also suggested that the fall in blood pressure might be 


‘ 


due to a ‘‘decrease in the energy of the heart muscle.’’ In this regard Palmer, 
Silver, and White’ noticed a softening in the foree of the heartbeat in some 
hypertensive cases receiving thiocyanate. Nichols’ believes that in toxic 


doses, thiocyanate is a direct muscle poison, abolishing muscle activity. It 


is known that the thiocyanate ion diffuses equally into all extracellular fluids 


with the same ease as urea. Because of this property, it has been used by 
Crandall and Anderson® as a method of determining the total amount of 
extracellular fluid. Takaes!® believed that thiocyanate was a powerful vagal 
stimulant and explained the drop in blood pressure on this basis. Westphal 
and Blum!! suggested that thiocyanate ‘‘increases the permeability of the 
arterioles and decreases their tonus.’’ 

From this discussion it is evident that several theories have been ad- 
vanced for the action of thiocyanate, but none is substantiated by sufficient 
evidence to warrant its acceptance. One of us, in studying a large group of 
cases with essential hypertension with this drug, was impressed by the fre- 
quent statement by patients that they were weak, tired, lazy, or lacked energy. 
Some volunteered the information that their skin was unusually dry and they 
noticed cold weather more than previously. They exhibited symptoms sug- 
gestive of depression of their metabolism. 

With these observations in mind we studied the action of sodium thio- 
cyanate upon the oxygen consumption of normal rat liver in human serum. 
Blood was drawn from hypertensive patients receiving no medication, and 
the serum was prepared free of carbon dioxide as described elsewhere.t A 
portion of the serum was used for control experiments without thiocyanate. 
Sodium thiocyanate in varying amounts was added to the remaining portion. 
The QO, was determined according to our previously described technique.' 

From Table | it can readily be seen that the drug does depress the oxygen 
consumption of normal tissue. Of course, the higher concentrations that were 
studied are far above the therapeutic and well into the toxic range. The 
lower levels, however, are occasionally seen in patients. 

The limiting coneentrations, the effect of which can be detected with this 
‘procedure, appear to be between 20 and 30 mg. per 100 ¢.c. 

It is interesting to point out that sodium thiocyanate depresses the oxygen 
consumption of rat liver almost as much as does a similar dose of chloral 
iydrate.? The liver tissue so depressed by thiocyanate, we have found from 
‘ome preliminary experiments, is capable of being stimulated by methylthio- 
ine chloride when it is suspended in human serum. 

We next studied the action of serum from patients receiving sodium 

hioeyanate upon oxygen consumption of rat liver. The tissue, suspended in 


ihe serum, was compared with controls suspended in serum from another 
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TABLE I 


ACTION OF SODIUM THIOCYANATE ON OXYGEN CONSUMPTION OF RAT LIVER 











WUMBER MG. NaSCN QO, NO QO, WITH Yo REDUCTION OF 
PER C.C. NaSCN NaSCN 0, CONSUMPTION 

1 8.0 14.7 — 9.2 —37 

2 4.0 —14.7 -10.5 -28 

3 2.0 -11.3 — 9.4 -17 

4 0.3 —14.0 -11.9 —15 

5) 0.2 -12.1 —10.8 -11 

6 0.15 -12.1 —11.6 -5 

7 10.2 - 0 


0.15 —10.2 








hypertensive patient who was not receiving sodium thiocyanate. The sodium 
thiocyanate of the serum was checked by chemical analysis. The drug con- 
tent varied from 8 to 22 mg. per 100 ¢.c. These amounts fall in the lower limit 
of our method, thus making it doubtful whether we would be able to detect 
the effect of the presence of the drug in serum containing less than 20 mg. 
per 100 c.c. (see Table II). 

These results, although indicating that there is some decreased oxygen 
consumption, are not striking, in view of the fact that variations in the oxygen 
consumption of less than 10 per cent are probably of questionable significance. 
We are at present unable to say whether there is a definite decreased oxygen 
consumption at the therapeutic levels or not. Nevertheless, in concentration 


TABLE IT 


ACTION OF SODIUM THIOCYANATE SERUM ON OXYGEN CONSUMPTION OF RAT LIVER 











a. BLOOD NaSCN QO, HYPERTENSIVE 0, HYPERTENSIVE % DECREASE IN 
PATIENT oO a Q0, HYPERTENSIVE QO, HYPERTE % DECREASE I 





MG. % CONTROL SERUM NaSCN SERUM 0, UPTAKE 
1 10.6 -13.6 a — 9.8 
2 12.1 ~10.2 =» OF — 4.9 
3 10.3 ~12.7 12.4 — 2.4 
4 9.5 ~11.3 ~10.6 — 6.2 
5 8.0 -12.1 -11.8 - 2.5 
6 9.6 = 9.7 —10.0 - 3.1 
7 22.0 -10.0 - 65 ~15.0 





ranges where the action of this drug can be studied using our technique, it 
apparently exerts a definite depressing effect upon tissue respiration. It 
should be remembered that in our experiments the tissue is in contact with 
the serum plus thiocyanate only one hour, while the cells in the patient are 
constantly exposed to it for weeks. This depressing effect is analogous to 
the effect of traces of potassium cyanide and chloral hydrate. Just where in 
the oxidation chain thiocyanate exerts its influence we are unable to say. It 
does not interfere with the stimulating action of methylthionine chloride. 
However, one patient who exhibited toxic symptoms from the drug was not 
relieved when methylthionine chloride was given orally for forty-eight hours. 


SUMMARY 


1. Oxygen consumption of rat liver cells is depressed by the thiocyanate 
ion when added to serum in vitro. 
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2. Serums from patients receiving thiocyanate and exhibiting concentra- 
tions of the drug from 8 to 22 mg. per 100 ¢.c. do not appear to depress the 
oxygen consumption of rat liver suspended in them. 

3. Methylthionine chloride, when given orally, does not exert any amelio- 
rative effect. 
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LIVER DYSFUNCTION AS A POSSIBLE CAUSATIVE FACTOR 
IN RENAL LITHIASIS* 





A CLINICAL INVESTIGATION ON 39 PATIENTS 


WILLIAM J. Ezickson, A.B., M.D., PHimapetputa, PA. 


INTRODUCTION 


Eines clinical investigations concerning the possible role of the liver in 
the pathogenesis of renal lithiasis, we believe, are the first to have been 
undertaken. During the past ten months, studies have been made in the 
Caleulus Research Clinic at the Pennsylvania Hospital, Philadelphia. Liver 
function tests were made on individuals who have or have had renal or 
ureteral calculi. We believe the findings are intensely interesting and war- 
rant bringing them to your attention. It is possible this may open up a new 
avenue to the approach of the problem of urinary lithiasis. 

Previous Studies and Findings That Lead to This Investigation—The 
author,’ in collaboration with Dr. J. B. Feldman, presented before the Ameri- 
can Medical Association, at Atlantic City, in June, 1937, a paper which dealt 
with the incidence of vitamin A deficiency in a group of individuals with 
urinary lithiasis. It was shown in this study that 96 per cent of these patients 
showed a vitamin A deficiency. It was also shown that the giving of vitamin 
A concentrate by mouth in large amounts over a period of six to nine months 
did not alter this deficiency. This suggested to us the possibility that in 
individuals with urinary lithiasis, there was either a lack of assimilation of 
vitamin A, or if assimilation did take place, a lack of utilization due to some 
unknown disturbance of metabolism. Since the liver is known to be the store 
house for this vitamin, we decided to turn our attention to the liver and 
determine, if possible, if there was any disturbance in the liver function of 
these patients. 

Liver Function Test Used in These Studies —We used the bromsulphalein 
test in making these studies. We believe this test to be as reliable as any, and 
in a recent article on the use and interpretation of tests for liver function, 
Snell and Magath* state: ‘‘In types of disease of the liver not associated with 
jaundice, information gained from the study of retention of bromsulphalein is 
as reliable as that which can be gained in any other way, and that under these 
conditions, other tests give chiefly confirmatory evidence. ’’ 

In most of the cases we injected 5 mg. of the dye per kilogram of body 
weight, as suggested by O’Leary, Greene, and Rowntree.* In a few cases we 

*From the Calculus Research Clinic, Department of Urology, Pennsylvania Hospit 
Philadelphia. 
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injected 2 mg. of the dye per kilogram of body weight. This latter dosage 
was proposed at first, but later it was shown that the test could be improved 
by injection of the larger dose (5 mg. per kg. of body weight). 

Analysis of Results of Bromsulphalein Test—Group 1 was given 5 mg. per 
kg. nonfasting, and a thirty-minute specimen was taken. In this group, which 
consisted of 30 cases, 15 showed dye retention of over 10 per cent, and of these 
15, 9 had retention of 14 per cent to 20 per cent, 4 had 20 per cent to 50 per 
cent, and 2 had over 50 per cent. Table I shows these results in detail. 


TABLE ] 
BROMSULPHALEIN RETENTION 


Group 1. 5 mg. per kg. of the Dye Injected, 30-Minute Specimen, Nonfasting 





CASE PER CENT CASE PER CENT 
] 42 16 18 
2 15 17 10 
} 4 18 16 
4 3 19 43 
5 19 20 8 
6 21 21 10 
7 0 $3 10 

8 6 23 Traces 
9 9 24 18 
10 Traces 25 2 
1] 14 26 22 
12 16 27 4 
13 Traces 28 16 
14 16 2g 58 
15 60 30 7 


Group 2 was given 5 mg. per kg., on a fasting stomach, and a thirty- 
minute specimen was taken. In this group, which consisted of 10 cases, 9 
had retention of the dye over 10 per cent, of which 5 had retention of 13 per 
cent to 20 per cent, and 4 had 20 per cent to 40 per cent. Table IT shows these 
results in detail. 

TABLE IT 


BROMSULPHALEIN RETENTION 


Group 2. 5 mg. per kg. of the Dye Injected, 30-Minute Specimen, Fasting 


CASE PER CENT CASE PER CENT 
: —_— 2% CO~*# on 16~—~—~— 
17 13 33 40 
19 1 34 13 
24 17 35 32 
3 14 39 38 


Group 3 was given 2 mg. per kg., on a fasting stomach, and a thirty- 
minute specimen was taken. In this group, which consisted of 7 cases, 3 had 
retention of 3 per cent to 5 per cent, and one was over 20 per cent. Table III 
Shows these results in detail. 

Certain cases appear in more than one group, and can be followed by the 
particular case numbers, which would be the same in each group. This was 
done to check one method of giving the dye against another, and the results 
obtained. 
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30-Minute Specimen, Fasting 





CASE PER CENT 
36 ] 
37 3 
38 3 


CALCULUS 
PASSED 
SPONTANE 


PREVIOUS OPERATIONS 








OUSLY 

1952 Rt. ureterolithotomy No 
1925 Rt. pyelolithotomy No 
1931 Rt. pyelolithotomy 

1935 Lt. nephrectomy 

1936 Rt. ureterolithotomy No 
None Yes 
None Yes 
1932 Rt. nephrectomy No 
| 1954 Rt. nephrectomy No 
1922 Bladder stone cystot Yes 

omy 

}1 1925 Rt. nephrectomy 

1o: (Sept. ) Lt. uretero 

| ithetouny 

|1932 (Oct.) Lt. ureterolith 

| otomy 

1932 Rt. ureterolithotomy No 
1957 Rt. nephrectomy No 
1957 Lt. nephrectomy No 
1934 Lt. nephrectomy No 
None No 
1925 Lt. pyelolithotomy No 
1954 Rt. nephrectomy 

None Yes 
| 1938 Lt. nephrolithotomy Yes 
| 1956 Rt. ureterolithotomy Yes 
None Yes 
}1936 Rt. ureterolithotomy Ni 
}1957 Lt. pyelolithotomy Yes 
} 1956 Lt. nephrectomy No 
11927 Rt. pyelolithotomy No 
}1957 Rt. pyelolithotomy 

None No 
}1933 Lt. pyelolithotomy No 
11935 Rt. ureterolithotomy 
1936 Rt. nephrectomy No 
} 1936 Lt. pyelolithotomy 
| None Yes 
1937 Rt. ureterolithotomy No 
11937 Lt. nephrolithotomy No 
| None Yes 
[193% 7 " ureterolithotomy No 
1938 . nephrectomy No 
11925 . pyelolithotomy Yes 
1928 7 pyelolithotomy Yes 
| None No 
| None Yes 
None Yes 
None No 
None Yes 
1930 Rt. pyelolithotomy No 
1931 Rt. nephrectomy (sub 


capsular) 
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It is most important to bear in mind that none of these patients had any 
clinical evidence of liver disease. Under these circumstances, we believe the 
figures, showing such a large percentage of these patients having a high per- 
centage of dye retention, to be rather significant. 

Data Pertaining to the History of Caleuli in These Patients —AIl of the 
individuals studied in this investigation have or have had renal or ureteral eal- 
culi. The details concerning their caleuli history are shown in Table IV. This 
table shows (1) age; (2) sex; (3) whether or not the patient has calculus at the 
present time; and (4) if present, its location; (5) previous operations, renal or 
ureteral, if any ; (6) whether or not calculus passed spontaneously. An analysis 
of these patients shows the followine: Average age 38 plus; 19 males, 20 
females; 21 have calculi at the present time, located as follows: 4 in the right 
kidney, 7 in the left kidney, 2 bilateral renal calculi, 4 in the right ureter, 3 in 
the left ureter, 1 in the left kidney and right ureter. 

Twenty-six have had renal or ureteral surgery which included: 4 pyelo- 
lithotomies; one nephrolithotomy; 7 ureterolithotomies; 7 nephrectomies; 4 
pyelolithotomies and nephrectomies; one had 2 pyelolithotomies; one had 2 
pyelolithotomies and a nephrectomy; one had a cystotomy, 2 ureterolithot- 
omies and a nephrectomy. Fifteen have passed calculi spontaneously. 

The case numbers in this table correspond to the same case numbers 
shown in Tables I, II, and TIL. 

Studies for Vitamin A Deficiency.—Of this group of 39 patients, 34 were 
studied for vitamin A deficiency. Thirty-two were found deficient and 2 were 
normal. The studies for vitamin A deficiency were made by means of the dark 
adaptation test, using the Feldman Adaptometer. The method and instrument 
have been described in recent literature.7® We used this method, as it is held 
to be the most reliable and also the most scientific. Yudkin,‘ in a recent article, 
states that this method is the most satisfactory. 

The fact that 94 per cent of the tested group showed vitamin A deficiency 
is very significant when compared to the observations made by Moore and 
Ellison.S They analyzed the amount of vitamin A concentration in the livers 
of 1,000 adults that came to autopsy. The lowest concentrations were found 


those patients who died of kidney and bladder infections. 


SUMMARY 


1. Studies of the liver function were made on 39 individuals who have or 
have had renal or ureteral caleuli. 
2. The bromsulphalein test was used to determine the liver function. 


4. In group 1 (given 5 mg. per ke., thirty-minute specimen, nonfasting) 


ol per cent showed retention of the dye, ranging from 14 per cent to 60 per cent. 
In group 2 (given 5 mg. per kg., thirty-minute specimen, fasting) 90 per 


cent showed retention of the dye, ranging from 13 per cent to 40 per cent. 
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4. Thirty-four patients in this group were studied for vitamin A de- 
ficiency and 32 (94 per cent) showed a deficiency. 

5. The findings in this investigation lead us to believe that there is a close 
relationship between liver dysfunction, vitamin A deficiency, and renal lithia- 
sis. This should open up a new avenue to the approach of the problem of the 
pathogenesis of renal calculi, and we believe this should stimulate further 
investigations along this line. 


I wish to express my thanks to Dr. John T. Bauer, Director of the Clinical Laboratory 
of the Pennsylvania Hospital, and his associate, Dr. William Wolff, for their cooperation in 
making these studies. 


REFERENCES 


1. Ezickson, William J., and Feldman, J. B.: Signs of Vitamin A Deficiency in the Eye 
Correlated With Urinary Lithiasis, J. A. M. A. 109: 1706, 1937. 

2. Snell, Albert M., and Magath, Thomas B.: The Use and Interpretation of Tests for Liver 
Function, J. A. M. A. 110: 167, 1938. 

3. O’Leary, P. A., Greene, C. H., and Rowntree, L. G.: Diseases of the Liver. VIII. The 
Various Types of Syphilis of the Liver With Reference to Tests for Hepatic Func 
tion, Arch. Int. Med. 44: 155, 1929. 

. Feldman, J. B.: Dark Adaptation as a Clinical Test, Arch. Ophth. 15: 1004, 1936. 

. Feldman, J. B.: Dark Adaptation as a Clinical Test. Further Studies, Arch. Ophth. 17: 
648, 1937. 

6. Feldman, J. B.: Instrument for the Qualitative Study of Dark Adaptation, Arch. Ophth. 
18: 821, 1937. 

7. Yudkin, A. M.: Vitamins in Treatment and Prevention of Ocular Diseases, Arch. Ophth. 
19: 365, 1937. 

8. Current Comment: Vitamin A Reserves in Health and Disease, J. A. M. A. 109: 590, 1937. 


nN 


Co 


ELECTROCARDIOGRAPHIC CHANGES FOLLOWING THE 
INTRAVENOUS ADMINISTRATION OF MAGNESIUM SULFATE* 


Il. AN EXPERIMENTAL Stupy ON Dogs 


T. R. Van DE.LLEN, B.S., M.D., aNp J. Roscoe MILLER, M.S., M.D., 
CuicaGco, IL. 


N A previous study! it was shown by means of electrocardiographie studies 

that magnesium, when injected intravenously, has a definite effect upon the 
cardiac conduction system. This effect consisted of an early acceleration fol- 
lowed by slowing, with delay in the auriculoventricular and ventricular con- 
duction time and increased excursion of all complexes. This effect is not 
permanent. 

Continued study seemed indicated to determine whether this was a direct 
effect upon the conductive system and what part, if any, the vagus nerve had 
in the result. 

Di Maeco* was of the opinion that the action of magnesium on cardiac 
activity was dependent on vagal effect. His conclusions were based on blood 
pressure readings. He further observed that the effect was most pronounced 
when atropine was given after magnesium had been injected. 


*From the Department of Medicine, Northwestern University Medical School. 
Received for publication, November 4, 1938. 
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METHODS 


As in previous experiments! the unanesthetized dog was placed on the 
left side and electrodes attached to the right front and left rear legs. Elec- 
trocardiograms were made on a string galvanometer type machine. Both 
magnesium and atropine were injected into the right saphenous vein. 











Fig. 1—Dog B (14 kg.). A, Normal graph. B, After injection of atropine sulfate. OC, After 
injection of 10 c.c. of a 20 per cent solution of magnesium sulfate. 
RESULTS 

Experiment 1.—In an attempt to determine the effect of atropine alone, 3 
(logs were injected with small, so-called stimulating doses, 0.01 mg. per kg., 
aud then large paralyzing doses, 0.2 me. per ke.* Electrocardiograms were 
made during injection and at intervals for three hours afterward. The results 
were similar to those described by Halsey, the changes in rate being the most 
sicnificant. 

Experiment 2.—Three dogs were given a large dose of atropine sulfate 
(0.2 mg. per kg. body weight). The solution was of such concentration that 
1 «.c. contained 0.4 mg. of atropine. Immediately following injection, one 


doz was given 10 c.c. of a 20 per cent solution of magnesium sulfate, while the 
Oller two were given 20 ¢.c. of the same solution. The magnesium sulfate in 
th 


‘se experiments was injected intravenously at the rate of 2 ¢.c. per minute. 
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The effect was the same as that seen when magnesium sulfate was given 
without a preceding injection of atropine (Fig. 1). The rate was slower at 
first, but later accelerated. The P-R interval increased from 0.09 to 0.12 see- 
ond, and the QRS complex from 0.04 to 0.06 second. The height and contour 
of the P- and T-waves were changed in the same manner as in the unatropinized 
animals, 

All of these results became more pronounced with the increased dose of 


magnesium. 
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Fig. 2.—Dog V (10.7 kg.). A, Normal graph. B, After bilateral vagotomy. C, After injection 
of magnesium sulfate solution. D, After injection of atropine sulfate. 

Experiment 3—One animal was anesthetized and the vagi were sectioned. 
Four hours later, when recovery was apparently complete, an eleetrocariio- 
gram showed no change when compared with one made previous to operation, 
except that the rate was increased. Ten cubic centimeters of a 20 per cent 
solution of magnesium sulfate was then injected intravenously and records 
made during and after the injection. 

The result (Fig. 2) corresponded to that obtained in animals with unsec- 
tioned vagi. The P-R interval was inereased from 0.09 to 0.14 second, and 
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the QRS complex from 0.04 to 0.08 second. A large dose of atropine, 0.2 


per kg., was then given, with no demonstrable results. 


SUMMARY 


These experiments indicate that the effect of magnesium upon the cardiac 


conductive system is not central but direct. 
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SODIUM FERROCYANIDE EXCRETION IN THE ESTIMATION OF 
RENAL FUNCTION* 
Mitton Piorz, M.D., F.A.C.P., AND MARGARETHE ROTHENBERGER, M.D. 
BROOKLYN, N. Y. 


WitrH THE TECHNICAL ASSISTANCE OF EDGAR FERGUSON, AND 
Victor GinspurG, M.D. 

HE use of sodium ferrocyanide in estimating renal function was first pro- 

posed by Stieglitz and Knight' in 1934. The present study was undertaken 
on the wards of the Long Island College Division of the Kings County Hos- 
pital as part of a project for estimating the clinical value of kidney function 
tests. Two-hour phenolsulfonphthalein, fractional phenolsulfonphthalein, con- 
centration tests, urea clearances, detailed analyses of the blood, urinary and 
clinical data were done in combinations of three or more of these on each patient 
and in most cases all the tests were performed. This report will be concerned 
only with the results obtained with sodium ferrocyanide; other details of the 
project will be reported in detail elsewhere. 

Stieglitz and Knight,’ on the basis of experimental work done on the rabbit, 
proposed that their test be considered essentially as a measure of pure glo- 
merular filtration. Van Slyke, Hiller, and Miller? found additional evidence to 
support the view of Gersh and Stieglitz® that, in the dog and rabbit at least, 
sodium ferrocyanide excretion is a true measure of glomerular filtration. That 
these conclusions cannot be carried over to man is indicated by Miller and 
Winkler,‘ whose data suggest that, in contrast to the situation in the dog, 40 
per cent of the ferrocyanide excreted by the human glomerulus is reabsorbed by 
the tubule. Of course, this finding does not mean that sodium ferrocyanide is 
without value as a renal function test; it means only that, in any ease, it cannot 
be aecepted only as a test of glomerular function. 

Method.—The method of Stieglitz and Knight! was followed in detail but 
was occasionally supplemented by a modification in titration in order to gain 
added accuracy in determining the end point. The drug, generously supplied 
by the Abbott laboratories in ampoules containing 0.25 gm. of the anhydrous 


*From Kings County Hospital, Long Island College Division, the medical services of Dr. 
Tasker Howard and Dr. Carl H. Greene. 

This study was made possible by a generous grant from the Harriet Weinbaum Founda- 
tion 

Clinical studies in renal function No. 4 from the Long Island College of Medicine. 
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salt, was dissolved in 10 ¢.c. of sterile distilled water. In some cases, in order 
to compare the urea clearance and the ferrocyanide test, the two were run 
simultaneously. The urine was collected at fifteen, thirty, sixty, and one hun- 
dred twenty minutes. It was found that urine passed during the third hour 
usually contained very little ferroeyvanide, and the collection of a one-hundred- 
eighty-minute specimen was abandoned. The titration was done twice; first, 
with 0.4 per cent copper sulfate, as suggested by Stieglitz and Knight, and 
again, as a check, with 0.1 per cent copper sulfate. The latter modification was 
suggested by the finding that, when using a small sample, it is difficult to get 
an accurate reading with the amount of 0.4 per cent copper sulfate used. A 
quicker and simpler method of titration was used as a supplement in some of 
the later cases. Standards were set up containing the maximum and minimum 
expected percentages of ferrocyanide (diluting from a weighed standard) in 
about ten steps. To 10 ¢.c. of these standard solutions was added 1 ¢.c. of 


0.5 per cent ferric chloride. This was repeated with the unknown. These 


standards will keep for several days; the color comparison is easily made and 


corrected for turbidity as in the standard phenolsulfonphthalein procedure, 
RESULTS 


A. Normals.—Seventy-eight young adults on the medical wards were care- 
fully selected for their freedom from any signs of kidney insufficiency. Most 
of them were suffering from peptic ulcer or arthritis, although there was an 
oceasional drug addict or diabetic. In 17 eases, the ferrocyanide test indicated 
markedly diminished renal function. In all of these patients excretion of 
phenolsulfonphthalein, urea clearance, and urine concentration tests were per- 
fectly normal. In other words, there was a 22 per cent error with ferrocyanide. 
In the same series there was a 14 per cent error with the two-hour phenol- 
sulfonphthalein test. In only one ease did both the phenolsulfonphthalein and 
the ferroeyanide excretions indicate diminished renal function in the same pa- 
tient. In this ease, a repetition of the phenolsulfonphthalein test gave normal 
figures; this was not true for ferrocyanide. The thirty-minute phenolsulfon- 
phthalein test was in error in only 8 per cent of these normals and, in all but 
one ease, normal figures were obtained when the test was repeated. At this 
point it should be emphasized that every test for kidney function now in com- 
mon ¢linieal use may occasionally give an erroneous picture in normal patients 
and later show normal function when repeated under somewhat different con- 
ditions or at another time of the day. It is well to bear this point in mind be- 
tore concluding, on the evidence of a single unrepeated test, that a patient is 
suffering from impaired renal function. 

B. Known Kidney Disease —There were 19 patients with known kidney 
disease in whom the urea clearance was definitely diminished and in whom 
there was unmistakable clinical evidence of nephritis or nephrosclerosis. In two 
0! these, there was normal ferrocyanide excretion even when the test was re- 
peated. In one patient there was a subacute hemorrhagic nephritis with a blood 
pressure at rest of 150/95, hematuria, and a low urea clearance. The excretion 
of ferroeyanide and phenolsulfonphthalein (both thirty minutes and two hours) 
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were within normal limits. In the second patient, one of advanced nephro- 
sclerosis, urine concentration tests, urea clearance, phenolsulfonphthalein, and 
blood urea agreed, but there was normal ferroeyanide excretion. In this case 
it appears that the ferrocyanide test gave a definitely erroneous impression; the 
first case is more difficult to interpret. On the whole, we felt that the urea 
clearance gave the most accurate picture of the case. The subsequent course of 
the patient could not be followed, so it is impossible to state whether or not 
she went on to more advanced impairment of renal function. 

C. Hypertension.—Stieglitz and Knight analyzed a series of 11 cases of 
hypertension, with adequate cardiae efficiency and no urinary evidence of kidney 
injury. They found that the ferrocyanide excretion was diminished more often 
and more markedly than that of phenolsulfonphthalein. This they took as evi- 
dence of the greater sensitivity of .he ferroecyanide test to changes in the glo- 
merular circulation, which was to be expected in view of the predominantly 
glomerular excretion of ferroeyanide and the tubular exeretion of phenolsul- 
fonphthalein. We investigated a series of 27 similar cases. Fifteen had normal 
renal funetion tests; the ferrocyanide excretion was below normal in 12, being 
considerably reduced in 3.  Phenolsulfonphthalein was reduced to a much 
smaller degree and in only 7 cases, all of which had lowered ferrocyanide excre- 
tion. The urea clearance was diminished in only 8 of the 27 patients. These 
results, although not based on enough eases to draw any conelusions, would 
seem to confirm the opinion of Stieglitz and Knight that ferroeyvanide excretion 
is diminished earlier in hypertension than other tests of renal function. One 
should not, on the basis of these results, hasten to assume without further evi- 
dence that glomerular inefficiency is the cause of the hypertension in the cases 
whieh show renal function impairment. 

D. Heart Fatlure——There were 21 cases of cardiac decompensation. — Fif- 
teen showed moderate to severe renal involvement, as shown by the ferrocyanide 
test. All of these showed improvement as the cardiae failure improved. 

Reactions.—There were 251 injections in 145 patients. Fourteen times 
there were reactions, 6 per cent of all injections, 9.6 per cent of all patients. 
Where there was a reaction, the injection was never repeated. Where there was 
no reaction to the first injection, there was no reaction to subsequent ones. In 


7 patients there was nausea or vomiting; in 6 there were weakness and dizziness 


or syneope; one had an anuria lasting eight hours. The most severe reaction 
occurred in the normal control group. The patient developed a gross hematuria 
which continued for three hours, after which the urine was normal in every 
respect. 
CONCLUSIONS 

1. The sodium ferrocyanide test was performed 251 times on 145 patients. 

2. It was not so reliable as the fractional phenolsulfonphthalein test or the 
urea clearance test in revealing normal renal function in a control group. 

3. It was slightly less reliable in revealing impairment of kidney function 
in renal disease. 

4. It was somewhat more sensitive in detecting early renal damage in hyper- 
tension than other function tests. 
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o. Reactions occurred in 9.6 per cent of eases. None were fatal or perma- 
nent. 

6. For routine use, the test has no advantage over the fractional phenol- 
sulfonphthalein or urea clearance. 
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A DEVICE FOR VIEWING PRECIPITIN REACTIONS* 


ELIZABETH M. KANNE, M.A., AND JANET R. McCarter, Pu.D. 
Mapisox, WIs. 


RECIPITIN reactions have usually been read against a window bar with 
sunlight illumination, or against a background of black cloth with an 
eleetrie light. Under these conditions readings by the same individual on 


the same antigen-antibody system have varied considerably with the intensity 


of the sunlight, and even under apparently similar conditions readings by 
two persons have varied slightly. Readings for rings or turbidity have been 
consistent when made with the use of the lighting box, designed for us by 
Dr. W. R. Kanne, and illustrated in Fig. 1. Although other devices! have 
been suggested, this one possesses features of simplicity in both construction 
and equipment. It has also been found satisfactory for reading Kahn tests. 

The principal feature of the box is that no direct light from the source 
of illumination can reach the eve. The angle at which the tubes are viewed 
is defined by two horizontal slits such that the background is a strip of black 
velvet just below the ground glass diffusing sereen. The scattered light from 


+} 


ie precipitate is maximum, since the angle of seattering is small. Direct 
‘efleetions are avoided by painting the slit and rack flat black (no linseed oil 
or varnish) and hiding the bottoms of the tubes below the second slit. This 
permits the tests to be read with very little eyestrain. Constant conditions 
obtained by being entirely independent of daylight and by placing the 
Ween, Department of Agricultural Bacteriology, College of Agriculture, University 
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tubes at some standard distance from the eye and from the light. A 60 watt 
bulb appears to provide sufficient illumination, although the box is wide 
enough (10 inches) to take a 200 watt lamp. 


Flot Black 
Point 











- B, ack. Point 
































Mid section View 
Fig. 1. 


A smooth bed on which the tube rack could be slid into position from the 
side instead of lowering it from the top would improve the apparatus. Larg: 
racks and partitions with slits enlarged downward would permit it to be us’ 
also for agglutination and hemolysin tests. 


REFERENCE 
1. Nickolls, L. C., and Thomas, John C.: An Improved Precipitation Viewing Apparat 
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A NEW BLOOD CULTURE MEDIA APPARATUS* 


PreTeR NARVAEZ, ELDRIDGE, CALIF. 


HE success of making blood culture media is dependent directly upon the 
sterility that can be maintained during the transfer of blood to the media. 
Very often during this transfer the media become contaminated, since the 
blood must be added below 50° C. This article and diagram describe a new 

























































































Fig. 1. 


cthod which eliminates contamination to a great extent. It is inexpensive, 
casily construeted, and very well suited to a small laboratory. This method 
as been used in the laboratory of the Sonoma State Home for the past two 
ears, with less than 1 per cent contaminations. The principle is here outlined. 


*From the Bacteriological Laboratory, Sonoma State Home, Eldridge. 
Received for publication. July 27, 1938. 
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Into a 1,000 ¢.c. suetion flask, place 500 ¢.c. of bullion together with agar, 
stopper with a two-hole rubber stopper. In one hole place a 800° C, thermom- 
eter; in the second hole place a glass tube bent at right angles so that it reaches 
1 inch above the media. The other end has a rubber tube 8 inches long fitted 
with a No. 9 gauge needle. Glass tube D can be placed somewhere near needle. 
Clamp rubber tube. Place a small test tube over needle to insure sterility at 
all times. 

On the suction tip place a rubber tube 4 inches long, with a glass tube pro- 
truding and clamp in the middle. The entire apparatus, together with the media, 
is now ready to be autoclaved. 

After the media have cooled to a proper degree, a Bunsen burner is held over 
glass tip A, and clamp B is opened to admit sterile air, after which the blood is 
to be added. 

Remove test tube covering sterile needle and make vein or heart puncture. 
When clamp C is released, the blood enters the flask and is mixed with the media. 
When a suitable mixture is obtained, clamp as before and remove rubber tube 
from suction tip. From this tip, tubing or the pouring of plates can be ac- 
complished very successfully with the media being sterile at all times. To in- 
sure greater sterility, an aleohol lamp can be held over glass tube D during the 
pouring of media. 


A METHOD FOR THE DETERMINATION OF ERYTHROCYTE FR. 
GILITY, USING VAN ALLEN HEMATOCRIT TUBES FOR THE 
MEASUREMENT OF CHANGES IN VOLUME OF THE 
CELLS IN HYPOTONIC SALT SOLUTIONS* 


(ikORGE M. Guest, M.D., AaNnp Mary WING, MLS. 
CINCINNATI, OHIO 


HE procedure here described is designed to facilitate the measurement of 


swelling of erythrocytes in hypotonie salt solutions, making this measurement 


practicable in clinical studies of osmotie resistance or fragility of the red blood 


cells. The method is fairly rapid and requires only a small amount of blood. 
Apparatus.—Either the original form of Van Allen (1925) hematocrit tube, 
or the modified form recently described (Guest, 1938), providing for automatic 
volume adjustment of the blood sample, can be used. In most instances from 12 
to 16 tubes should be used, but this number can be increased or decreased to 
suit the needs of individual experiments. For centrifugation of the hematocrit 
tubes we have used the International centrifuges, Type SB, Nos. 1 and 2. For 
the original type of Van Allen tubes we have used for the most part the No. I 
centrifuge, with the 8-place head carrying Babcock test metal cups. The short 
Babcock test cups are fitted with wooden cylinders drilled perpendicularly with 
*From the Children’s Hospital Research Foundation and the Department of Pediatri: 


University of Cincinnati. 
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4 holes, each hole large enough to accommodate the stem of the Van Allen tube 
with its sealing clip. Alternatively, these Van Allen tubes can be carried in the 
No. 1 centrifuge in 10 ml. centrifuge tube holders with the 8-place head and 
3-place trunnion carriers. For the modified Van Allen tube (longer and some- 
what less sturdy) we use the 15 ¢.c¢. centrifuge tube holder, this holder being deep 
enough to support the hematocrit tube well above the bulb. These are placed in 
the No. 2 centrifuge with the &-place head and 3-place trunnion carriers; thus, 
24 tubes can be centrifuged at once if needed. 

Solutions.—Salt solutions of different concentrations (indicated in Table T) 
are prepared by delivering from a burette different amounts of a 5 per cent stock 
solution of sodium chloride C.P. into 200 ¢.c. volumetrie flasks. These are diluted 
to volume with distilled water and transferred to tightly stoppered Pyrex bot- 
tles. Such solutions, if kept in a refrigerator, will remain unchanged for several 
months. At the time of use, needed amounts of these solutions are transferred 
to a series of small vials into which the Van Allen tubes can be dipped for dilut- 
ing the blood samples. 

Blood Samples.—Kither defibrinated or heparinized blood can be used, but 
oxalate, citrate, and fluoride anticoagulants should be avoided because of their 
effeets upon the osmotic equilibrium of the cells. If the blood is drawn by vein 
puneture, both needle and syringe should be dry. Best results are obtained 
where the volume of cells in the sample is above 30 per cent. Where the volume 
of cells in a given blood is low, the sample should be centrifuged just sufficiently 
to throw down the cells, part of the plasma drawn off to bring the volume of cells 
well above 30 per cent, and the cells then resuspended in the remaining plasma— 
a glass bead being added to aid the mixing of the cells and plasma. In some 
instances it may be desirable to use a suspension of red blood cells, freed of their 
plasma, in 0.9 per cent sodium chloride solution (see Discussion). To obtain 
this, the blood sample is centrifuged, the plasma drawn off completely, and the 


cells are suspended in an approximately equal volume of the salt solution. One- 


half to 1 ¢.¢. of either whole blood or such a cell suspension will easily suffice. 
Procedure.—The manner of using both the original and the modified Van 
Allen hematoerit tubes is deseribed more fully elsewhere (Guest, 1938). In 
using the original type of tube, blood is drawn into the stem up to the 100 mark. 
In using the modified tube, blood is drawn into the measuring stem until the 
capillary tube is completely filled. With either tube, the tip is then wiped and 
‘he blood drawn up slightly into the bulb, the appropriate salt solution is drawn 
into the bulb until it is nearly filled—leaving a small air bubble to facilitate 
mixing of the cell suspension—and the spring clip sealing device is fitted over 
he graduated stem. The dilution with 0.9 per cent sodium chloride in the first 
tube of the series should be made in duplicate or triplicate, since the cell volume 
determined in the first tube will be used as a basis for comparison of the values 
determined in the other tubes. For the subsequent dilutions, only single tubes 
ed be used. The successive steps in the changing concentrations of the salt 
solutions used in the series, decreasing by 0.1 to 0.025 per cent, can be chosen to 
the needs of individual experiments. The decrements in the concentrations 
should be small throughout the range where hemolysis oceurs, and in the tubes 
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just before the first trace of hemolysis becomes visible. This, of course, can be 
anticipated better when making repeat examinations of the blood of an individual 
subject. The filled tubes are left resting on their sides (a wire test tube rack 
turned on its side is convenient) for one to two hours at room temperature. They 
are then centrifuged until the cells are packed to constant volume. In the 
centrifuges designated above, a speed of 2,500 to 3,000 r.p.m. for fifteen minutes 
is easily sufficient. 
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Fig. 1—Hemolysis and changes in volume of red blood cells in hypotonic salt solutions. 
Observations on three conditions characterized by different fragilities of the red blood cells 
i, normal (representing the values iisted in Table I) ; 2, familial hemolytic icterus; and 3, eryth- 
roblastic anemia (Cooley’s anemia). 


Notation of Results——After centrifugation, the degree of hemolysis (or its 
absence) in each tube is read from the color of the supernatant fluid in the bulb, 
and recorded by suitable symbols from zero, a trace, ete, to complete hemolysis, 
according to the usual practice in other methods for determining fragility of the 
red blood cells. The height of the column of packed cells in each tube is read 
from the graduations on the stem and recorded as shown in Table I. The values 
for the volume of cells in the several tubes are then divided by that of the first 
tube and multiplied by 100, in order to convert the readings to percentages of 
the volume of the cells in 0.9 per cent sodium chloride. For graphie representa- 
tion, the latter values are plotted as illustrated in Fig. 1, and the degree of 
hemolysis at each point in the series is indicated by suitable symbols across the 
top of the chart. 

DISCUSSION 


The values listed in Table I, obtained according to procedure on 
sample of normal human blood, illustrate the method of notation herewith de- 
scribed. Fig. 1 illustrates observations which have been made on samples of 
blood from subjects with conditions characterized by different fragilities of the 
red blood cells: 1, normal (curve No. 1 represents the example given in Table | 
2, familial hemolytie icterus; 3, erythroblastie anemia (Cooley’s anemia). The 
cells of the patient with hemolytic icterus showed the increased fragility that is 
characteristic of this condition, whereas the cells of the patient with erythr 
blastic anemia showed an increased resistance to hemolysis by the hypotoni 
salt solutions. Further studies of these and other types of bloods will be r 
ported in later communications. 
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TABLE I 
NoraTION OF RESULTS: HEPARINIZED NORMAL Human BLoop DILUTED IN VAN ALLEN 
HEMATOCRIT TUBES WITH SOLUTIONS OF SopiIuM CHLORIDE OF DIFFERENT 
CONCENTRATIONS 
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The points on the curves represent the volumes of cells in the several salt 
solutions in percentage of their initial volume in 0.9 per cent sodium chloride so- 
lution. The curves first rise with swelling of all the cells up to the point where the 
first trace of hemolysis appears, and then fall when the loss of cells by hemolysis 
exceeds the increases in volume of the unhemolyzed cells. A generally ac- 
cepted view of hemolysis is that the individual erythrocyte obeys the all-or-none 
law; i.e., when a cell is hemolyzed, all the hemoglobin escapes at once. Since the 
cells in any given sample do not all behave alike, the curves have variably 
rounded peaks and more or less gradual downward slopes. Thus, the shape of 
each curve indicates the relative tendencies of the cells in the given blood sample 
to disintegrate in salt solutions of different concentrations. 

While this procedure is intended to serve most purposes of clinical study, 
details of the method can be changed easily to suit the needs of investigations of 
special problems concerning erythrocyte fragility. Solutions of other salts and 
salt mixtures, or of nonelectrolytes, can be used. Instead of the sodium chloride 
solutions of graded tonicities usually employed in cell fragility tests, Wiseman 
(1932) has recommended the use of hypotonic solutions prepared by diluting 
plasma, drawn from the cells to be tested with distilled water. The comparison 
of the fragility of cells in such hypotonie serum solutions with their fragility in 
simple salt solutions should be instructive, inasmuch as the blood plasma may 
contain substanees which affect the osmotic resistance of the erythrocytes—either 
‘avoring or inhibiting hemolysis. With marked jaundice the color of the super- 
natant fluid may obscure the readings of the first traces of hemolysis. In such 
cases it may be advisable to get rid of the plasma in the manner described under 
preparation of the blood sample, and to work with a suspension of the cells in 
salt solution. It is to be noted, however, that the behavior of cells washed one or 
ore times with salt solution may differ from that of unwashed cells. 


SUMMARY 


A method for determining red blood cell fragility in hypotonie sodium 
chloride solutions is described, wherein Van Allen hematocrit tubes are employed 
{0 measure changes in volume of the erythrocytes in each solution used in the 
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hemolytie series. The volumes attained by the cells in increasingly hypotonic 
solutions are expressed in percentage of their initial volume, and recorded 
graphically. Hemolysis also is read in the same tubes, and the points of begin- 


ning and complete hemolysis recorded according to usual practice. 
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A MORE RAPID METHOD OF GUINEA PIG INOCULATION FOR 
THE DIAGNOSIS OF TUBERCULOSIS* 


CARRIE I. Woousry, M.A., CHicaco, Iu. 


. 


XORMER methods of guinea pig inoculation for the diagnosis of tuberculosis 
have the following unsatisfactory factors: the length of time before a report 


may be expected; the possible death of the guinea pig due to the presence in the 


exudate of pathogenic bacteria other than tuberele bacilli; the possibility of the 
occurrence of a tuberculous guinea pig from contaminated surroundings. 

Since results obtained by the intraecutaneous injection of guinea pigs with 
tuberculous exudates recently reported by Herrold and Woolsey' tend to over- 
come these defeets in the old procedures, the intracutaneous method has been 
adopted in the laboratory at Cook County Hospital and was used in the studies 
included in this report. 

METHOD OF PROCEDURE 


After shaving a small area on the side of the abdomen of a guinea pig, 0.4 
e.c. of the infective material is injected intracutaneously. Within seven to 
twenty-one days, or in unusual cases, later, a nodule appears at the site of the 
injection, which averages about 2 mm. in diameter. The nodule is incised and 
smears are examined for the presence of acid-fast bacilli. Each guinea pig is 
observed every week and a notation made indicating its condition on each 
date. If two weeks pass between examinations, a closed nodule may become 
craterlike and consequently more easily and definitely proved positive. How- 
ever, the earlier diagnosis would be missed by the delay. It should be noted, the 
early smear may demand a reasonable period of search to find the organisms. 
In an oeceasional ease, the third or fourth examination of the pustule may be 
necessary before the organisms are found, As soon as the inguinal lymph nodes 
have formed on the side of the injection, the guinea pig may be killed, and an 
autopsy performed to verify the early report. 

One guinea pig may be given more than one injection of the suspected fluid 
collected at various intervals but can be diagnosed and reported individually. 
In a similar manner two exudates from different sources of a given patient may 
be injected on opposite sides of a guinea pig, and each may be diagnosed and 
“eported separately. 

The following reports are illustrative of some of the advantages of the 
titracutaneous injection of guinea pigs. 

A. G.—Spinal fluid of puncture December 14 reported positive in fourteen days. 

Spinal fluid of puncture December 15 reported positive in twenty-one days. 


*From the Department of Pathology and Bacteriology, Cook County Hospital, Chicago. 
Received for publication, August 3, 1938. 
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Both processes developed on the same pig independently of each other. Regional 
adenopathy with deep hard nodules in the groin developed in three and five weeks, respectively. 
At five weeks the guinea pig was killed, and the autopsy revealed findings typical of tubereu- 
losis. 

The diagnosis had been reached in fourteen days. 

D. 8.—March 1, spinal fluid was received and cultured on Herrold egg yolk agar 

medium.?, 3 

March 11, colonies of acid-fast bacilli were reported recovered from the culture. 

March 11, a second spinal fluid was received and injected into a guinea pig. On 
the opposite side of the same pig, 0.4 ¢.c. of a suspension of the Herrold 
culture growth was injected. 

March 22, a nodule produced by the suspension was reported positive for tubercle 
bacilli. 

March 30, the second spinal fluid was reported positive after nineteen days. 

Regional adenopathy developed on both sides, and the subsequent autopsy findings at 
five weeks were typical of tuberculosis. 

In this way a culture may be readily verified. 

J. W.—On January 20, specimens of spinal fluid and pleural fluid were injected on op- 

posite sides of a guinea pig. 

The spinal fluid was reported positive in twenty-three days, but the site of the pleural 
fluid injection remained negative throughout. Autopsy findings after three months revealed 
regional adenopathy only on the left side, where the spinal fluid had been injected, and gen- 
eralized tuberculosis. 

R. S8.—Pleural fluid was reported positive in six days. 

Pericardial fluid was reported positive in twenty days. 

Autopsy at four weeks revealed regional adenopathy on both sides and generalized 
tuberculosis. 

Urine from both kidneys of a patient has frequently been injected into opposite sides of 
a guinea pig to ascertain if one or both organs are involved. 


Excepting sputa, secondary invaders in the exudates have not killed any 
pigs or interfered with the development of tuberculous lesions at the site of 
injection when given intracutaneously. A small abscess soon develops in such 
eases from which Staphylococcus aureus, hemolyzing streptococci, and B. coli 
among others have been isolated. Occasionally, acid-fast bacilli have been found 
even in this early abscess, but more often it heals over readily and is followed 
by the later nodule from which only the acid-fast bacilli are recovered. 

Untreated sputa injected into the guinea pigs intracutaneously have been 
proved to contain tubercle bacilli in two weeks, although the direct examination 
of the sputum had failed to demonstrate them. Occasionally other bacteria in 
the sputum will kill the guinea pig, but if B. fusiformis is present in notable 
numbers, the anaerobe will burrow through the deep layers of the skin and 
eventually the guinea pig will have to be killed before the question of tuberculosis 
is settled. 

Since the initial lesion is localized, a diagnosis may be made before or with 
out an autopsy of the guinea pig. Such a localized initial lesion with a subse 
quent regional adenopathy is the proof of a positive injected animal. 


In the total number of 173 guinea pigs included in this series, tuberc!: 
bacilli were recovered 72 times; or in 40 per cent of the exudates studied durin: 
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this period. They represent 27 different human exudates that were suspected 
of containing tubercle bacilli. 

The average time for a positive diagnosis was twenty days, ranging from 
six to thirty-one days. 

Twenty-five per cent of the positives were so reported within fourteen days. 

Of the 173 guinea pigs of the series, 4 died of unknown cause, 1 on the 
sixth day, 2 on the eighth, and 1 on the twelfth day, respectively, and autopsies 
revealed nothing suggestive of tuberculosis. One was killed because of infection 
with B. fusiformis. 

The first 36 guinea pigs reported negative were killed after six to eight 
weeks and autopsies were performed. They were in excellent condition and the 
autopsies revealed nothing suggestive of tuberculosis, therefore, the subsequent 
60 negative guinea pigs of the series were kept as breeding stock since the injec- 
tion had not retarded them in any way. 

SUMMARY 

The average time for the diagnosis of the tuberculous exudates by means 
of the intracutaneous injection of guinea pigs is three weeks in comparison with 
the six to eight weeks required by the old subcutaneous route. 

Of the 173 guinea pigs injected in this series, only 5 died before the presence 
or absence of tubercle bacilli in the fluid could be determined. 


Since the diagnosis is made from the initial lesion and substantiated by 
regional adenopathy and autopsy, there is little chance of a spontaneously in- 


fected guinea pig not being recognized as such. 
Those guinea pigs that remain negative for six weeks may be kept as breed- 
ing stock. 
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A SIMPLE METHOD FOR THE ASPIRATION OF BONE MARROW* 


Maurice Morrison, M.D., ann A. A. Samwick, B.S., M.D. 
BROOKLYN, N. Y. 






HE study of the hematocytology of the bone marrow has become so 
necessary in the diagnosis of diseases of the hemopoietic system that a 
method for the aspiration of the marrow of the sternum must be simple, ade- 
quate, and devoid of danger. Furthermore, it must be one which allows 


repeated studies with the least amount of trauma. 

Autopsy formed the only source of material for the study of the bone 
marrow until Ghedini (1908)! trephined and seraped the tibia of patients 
for diagnosis. Seyfarth (1922)* suggested the sternum as the site for biopsy 
since it was safe and the marrow was active. Modifications of the original 
technique have been presented,® but the customary use of the trephine pre- 
vented its universal application. 

The examination of the bone marrow by mere aspiration of its contents, 
which was devised by Pianese as early as 1903,‘ and neglected because it 
did not supply material for the study of sections, was revived by Arinkin 
(1929).° With the slight modifications suggested by Sonnenfeld,’ <Arjeff,’ 
Baserga,* and Reich® this method has since been widely used in many clinics. 

The method that is presented here is as simple to do as lumbar- or vene- 
puncture. It entails no greater psychie or physical trauma to the patient 
than either of these procedures. It consists of the use of a special steel 
needle,t 18 gauge, 2 inches in length, the point of which is so beveled that the 
left side is slightly higher than the right (Fig. 3). It is just as unnecessary 
to use local anesthesia, as it weuld be to resort to the latter for venepuncture. 
In more than 250 aspirations’? we have had no instanee in whieh the pa- 
tient has been unduly annoyed by this procedure. 

Procedure.—1. The instrument tray bearing the following is placed out 
of sight of the patient: (a) a 5 ¢.c. syringe (to draw up bone marrow) ; (b) an 
aspiration needle; (¢) a hemostat; (d) iodine, aleohol, stick sponges, and sterile 
towels. 

2. The region about the angle of Louis (sternomanubrial junction) is 
prepared with iodine and aleohol; the surrounding region is draped with 
2 sterile towels and general asepsis is observed. 

3. The point of entrance at the midpoint of the sternum just below th: 
angle of Louis (Fig. 2) is then localized. 

4. With the needle between the thumb and index finger in serewdrive) 
fashion, at a point about one-half inch from the end, so that its fulerum or 








*From the Division of Hematology of the Departments of Medicine and Laboratori 
of the Jewish Hospital of Brooklyn. 
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(Fig. 1). 
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base rests snugly in the palm of the hand (Fig. 4), the skin is pierced almost 
perpendicularly and the periosteum is entered. 

5. Downward pressure is exerted, turning the needle in serewdriver 
fashion. 

6. In an elderly patient a sudden ‘‘give’’ is felt, indicating that the 
bone marrow cavity has been entered. In younger individuals the “‘give’’ 
is not readily apparent and one must desist from persistent pressure and 
work slowly and carefully, turning the needle from side to side, and aspirating 
oceasionally. 














Figs. 1-4.—/. Actual size of needle (diagrammatic). 2. Site of aspiration, below angle 
of Ludwig. 3. Sketch illustrating point of needle with bevel of left side higher than the right. 


l 


4. Needle held firmly in the palm of the hand (screwdriver fashion). 


7. The needle is not depressed at this stage to avoid breakage. 

8. The obturator is removed, and the 5 ¢.c. syringe is attached. A minimum 
amount of bone marrow (usually 1 to 3 drops) is withdrawn, to avoid exces- 
sive dilution with peripheral blood. 

9. On clean prepared slides thin smears of the marrow are made. At the 
same time smears of peripheral blood are prepared and all are stained by the 


usual methods. These may be studied with as much precision as ordinary 
blood smears. 


Advantages of This Method.—1. It can be used in all cases because it 
minimizes mental and physical trauma. 

2. It can be oft repeated. 

3. The needle cannot break under ordinary circumstances, but if it should, 
t would only break at the junction of the base with the needle, and can easily 


be removed with a hemostat. 


4. The higher left edge produces a ‘‘gouging of the bone,’’ so that en- 


trance into the bone is smooth. 


oe +] 


5. The screwdriver motion avoids the ‘‘straight push’? method which is 
‘raught with danger and favors breaking of the needle. 
6. When difficulty in obtaining post-mortem examinations is anticipated, 


hone marrow smears can be made in the preagonal state. 





860 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Disadvantages of Other Methods.—1. Usually other methods are too elabo- 
rate and cumbersome and frighten the patient. 

2. Local anesthesia adds further risk with attendant discomfort. Some- 
times the patient may have an idiosynerasy to novocain. 


3. More involved procedures do not yield more information," and, in 
addition written consent is usually required. 
4. The ‘‘push method”? involves great risk whether the needle is con- 


trolled by one or two hands. 
Aspiration of the bone marrow is useless in the hands of one who is unable 
to identify the cells and interpret the findings. 
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A COMPARATIVE STUDY OF CERTAIN METHODS OF 
MEASURING BLOOD PRESSURE* 


JosePpH B. Capy, M.D., ano J. F. Herrick, Px.D., RocHEsSTER, MINN. 


HE standard method of measuring the mean arterial blood pressure in the 

dog is by a direct communication between a cannulated blood vessel and 
a mercury manometer. The number of times that one can thus measure the 
blood pressure in the same intact dog is limited to the number of arteries 
available because the cannulated artery has to be ligated at the end of each 
experiment. Another important objection to the standard method is that true 
pulse pressures cannot be obtained. The auscultatory method has been used 
by several investigators for observing pulse pressures. In our experience, 
however, this auscultatory method has not been entirely satisfactory. The 
systolic pressures are always lower and the diastolic pressures definitely higher 
than those obtained by other methods. If one is interested in differences of 
pressure only, the auscultatory method may be adequate. 

The ‘‘hypodermic’’ manometer developed by Hamilton, Brewer, and Brot- 
man has proved to be a most satisfactory method for measuring blood pres- 
sure. It has been used in this laboratory for three years. To those inexperi- 
enced with the method, however, the values appear too high, and it was be- 
cause of this criticism that these comparative studies of the reliability of the 
instrument were made preparatory to certain studies of differential pressure, 
which will be reported later. We have endeavored to check the hypodermic 
manometer against the mercury manometer: (1) by comparison with mean 


g 
pressures obtained by the standard method, using a hypodermic needle instead 


of a cannula (the hypodermic needle offers the necessary constriction for 
damping the oscillations, thus permitting registration of the true mean blood 
pressure), and (2) by comparison with systolic and diastolic pressures obtained 
by auscultation. 

The main portion of our investigation has been concerned not so much 
with absolute basal pressures as with the difference in pressure between the 
carotid and femoral arteries. The present study is, therefore, not intended to 
present values for the ‘‘normal’’ blood pressure of dogs, but only to check 
the reliability of the apparatus. We did not take the precautions which others 
liave taken to insure the lowest possible pressures, such as maintaining abso- 
lute quiet and a soft bed for the animals, withholding food and administering 
morphine. For our purposes all that was essential was that the animals be 
sufficiently trained to lie quietly on the table and submit without struggling 
to direct arterial puncture. We have found that morphine alone will often 

*From the Mayo Foundation, Rochester, Minn. 
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reduce the femoral blood pressure from 10 to 15 per cent. In addition we 
have found that, by more strict adherence to the aforementioned precautions, 
we can obtain figures with the Hamilton manometer which approach those 
published by other workers. 

The Hamilton optical manometer has been devised to record blood pres- 
sure by direct puncture of the arteries of trained, unanesthetized animals. It 
has been constructed to conform to the requirements for accurate measurement 
set forth by physicists and physiologists, namely: the possession of a mem- 
brane of sufficient sensitivity and high frequency, in a system which is other- 
wise practically nonexpansile. In our experience, under the conditions men- 
tioned, this manometer has recorded figures which are consistently and con- 
siderably higher than those which have been quoted in the literature. Thus, 
in the case of one dog whose femoral blood pressure has been recorded fifteen 
times during the past year, the systolic and diastolic variations have been 170 
to 215 and 86 to 114 mm. of mercury, respectively (average 196/99). The 
average of 83 observations on 24 dogs whose blood pressure was similarly 
recorded was 201 mm. systolic and 107 mm. diastolic. We would like to re- 
emphasize the fact, however, that these figures are not to be taken as basal 
femoral pressures. 

METHODS 


To compare the mean pressures a 20 gauge needle was inserted into one 
of the femoral arteries of an unanesthetized dog and connected by rubber 
tubing to the usual type of U-tube mercury manometer. At the same time a 
second 20 gauge needle, connected by lead tubing with the Hamilton manom- 
eter, was inserted into the contralateral femoral artery. <A series of several 
readings of the mean pressure was made and recorded from the mereury 
manometer at the same time that a series of pulse pressure tracings was photo- 
graphically recorded from the optical manometer. The mean pressures were 
calculated from the latter tracings by graphic integration of the pulse pres- 
sure curves with a planimeter, since it has been repeatedly demonstrated that 
the mean pressure is the integrated rather than the arithmetic mean of the 
systolic and diastolic pressures. In some series of observations, variations in 
pressure were produced by injections of histamine intravenously. 

Further observations were made to compare the direct and indirect methods 
of recording systolic and diastolic blood pressure. For this purpose a pneu- 
matic euff was constructed (after the manner described by Freeman and Page) 
which was 5 by 14 em. in size and incased in a cloth cuff 35 em. long. This 
cuff was wrapped snugly about the animal’s leg in such a manner that its 
lower border covered a small portion of a 2 em. Bowles type stethoscope chest 
piece which was attached to the shaven skin over the posterior tibial arter) 


above the ankle by means of an adhesive paste. The systolic and diastolic 


pressures were read and recorded from a mercury Baumanometer at the same 
time an assistant photographically recorded the femoral pulse pressure by ‘ 
Hamilton manometer connected with the femoral artery of the opposite leg 
A series of such simultaneous observations (about thirty seconds apart) was 


made on each animal. 
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TABLE J] 


BILATERAL ARTERIAL BLOOD PRESSURES RECORDED SIMULTANEOUSLY WITH THE HAMILTON 
OPTICAL MANOMETER 

SYSTOLIC (MM. HG)~ ~ DIASTOLIC (MM. HG) 

ARTERIES OBSERVATION a —--— —-— —-- — ——_—_—— 

RIGHT LEFT 


108° | 111 — 


RIGHT LEFT | 


226 


297 


Femoral 


| 
| 227 

233 23 112 115 

Femoral 204 202 106 103 

| 209 207 108 105 

Femoral 193 189 99 

Femoral 198 198 vs 125 

Femoral 185 186 90 

Carotid 176 179 9: } 126 

171 175 ‘ 123 

5 73 178 : 129 

Brachial 140 138 ( 108 

142 146 § 114 


RESULTS 

To demonstrate the sphygmic equality of the corresponding vessels on the 

two sides of the dog, observations were simultaneously recorded as shown in 
Table I. From these data we feel safe in assuming that, under normal condi- 
tions, the two femoral arteries have the same blood pressure. A comparison 
of the mean pressures obtained by the methods described is recorded in Table 
II. In our series of observations the greatest difference between any two 
simultaneously recorded figures was 10 mm. of mercury, and the average dif- 
ference was 2 mm.; there was no apparent consistency about which method 
gave the higher values. Had the mean pressures been determined in the usual 
manner, that is, by taking half the sum of the systolic and diastolic values, 
the average for the series would have been 153 mm. of mereury, 30 per cent 


higher than the figure obtained with the mercury manometer. 


TABLE IT 


A COMPARISON OF OBSERVATIONS OF MEAN BLOOD PRESSURE AS DETERMINED WITH THE 
HAMILTON OPTICAL MANOMETER AND THE MERCURY MANOMETER 


MEAN PRESSURE (MM. HG) 
OBSERVATION HAMILTON MANOMETER - MERCURY MANOMETER 
125 126—Ci—~«*”s 
79 74 
122 114 
130 


tot © 
~~ S 


2 
i m1) 


2 ho bo be be 
oI or 
bo pet 
) 


a 
mill K 
) 


Ss] 
“Ise co Or 


ee ee ee 
—_ T 





_— 
_ 


114 
116 
120 
117 
118 


—bo cob bot 


<3) 
bo bo 


120 
120 


| 
Mean 


*Changes in pressure brought about by the intravenous injection of histamine. 
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Table Ill shows a comparison of the systolic and diastolic pressures re- 
corded optically from the femoral artery and simultaneously observed by aus- 
cultation over the contralateral posterior tibial artery. We have so far found 
it impossible to obtain readings by the auscultatory method that will compare 
closely with those recorded by the hypodermic manometer. Using the optical 
instrument on human subjects, Hamilton and his associates found that the 
systolic values were 3 to 4 mm. higher and the diastolic about 9 mm. lower 
than the figures obtained simultaneously by the usual clinical method. By 
the methods which we have used on dogs, we have, in most instances, been 
unable to find a correlation as close as this. This has been true whether we 
used the dorsalis pedis artery (as recommended by Freeman and Page) or 
the posterior tibial artery, and regardless of the width of the cuff or the size 
of the stethoscope bell. Our closest figures have been secured when larger 
dogs with relatively larger vessels were used and when the posterior tibial 
artery above the ankle was employed. 


TABLE III 


A COMPARISON OF THE INDIRECT (AUSCULTATORY) AND DIRECT (HAMILTON MANOMETER ) 
METHODS OF ESTIMATING ARTERIAL BLOOD PRESSURE 





SYSTOLIC (MM. HG) | DIASTOLIC (MM. HG) 

















OBSERVATION | - : - — ——— 
DIRECT | INDIRECT | DIRECT INDIRECT 
1 182 174 i 100 zn 7, a ‘108 ae | 
2 187 174 104 110 
3 179 178 102 108 
l 225 214 115 | 124 
2 222 212 | 114 120 
1 | 223 220 96 120 
2 230 226 102 112 
3 22() 216 | 95 | 116 
4 210 202 101 114 
5 215 210 102 110 
1 | 206 166 | 96 92 
2 202 164 86 88 
3 201 158 90 96 
4 205 166 90 88 
l 220 194 | 97 118 
2 | 210 196 93 124 
3 206 190 99 120 








The generally accepted clinical procedure in ascertaining the diastolic 
blood pressure is to note the point in the descent of the column of mercury 
at which the tone of the sounds changes and begins to fade—the fading of 
the so-called fourth phase. This was found to give values considerably higher 
than those recorded optically, and it was discovered that a much closer 
diastolic correlation resulted when the point of total disappearance of the 
sounds was used (see the next to the last series of observations in Table III). 

It is possible that our figures may show a closer correlation than is appar- 
ent from the table. The systolic pressure is known to vary at different levels 
of the vascular tree. Hamilton and his associates found the pressure in the 
dorsalis pedis artery to exceed that in the femoral artery in man by 25 mm. 
of mereury. On the other hand, Dawson found that the pressure in the 
saphenous artery in 2 dogs to be 30 per cent lower than that in the femoral 
artery. We have recorded the pressure simultaneously in the femoral and 
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opposite posterior tibial arteries by the Hamilton method in 3 dogs and found 
the femoral pressure to be definitely higher (10 to 15 mm.). From such a 
small number of observations it is obviously impossible to draw conclusions. 
However, the data of previous workers and ourselves indicate that one may 
not be justified in assuming that the systolic pressure in the posterior tibial 
artery is the same (within the limits of experimental error) as that in the 
femoral artery. 

An observation which we believe to be significant and which was made 
repeatedly showed that the act of inserting a needle for direct measurements 
of arterial pressure does not apparently increase the arterial pressure in the 
trained unanesthetized dog. This observation has been made by taking control 
auscultatory readings before the needle was inserted into the artery of the 
opposite leg, with the almost constant finding that subsequent readings are 
not appreciably elevated above the control readings. 

SUMMARY AND CONCLUSIONS 

A sphygmic equality exists between the two femoral arteries of the dog. 

There is a satisfactory correlation between the integrated mean blood 
pressure, recorded with the Hamilton hypodermic manometer, and the mean 
pressure, read from a standard mercury manometer. 

The values for the systolic and diastolic blood pressures observed over the 
posterior tibial artery by the auscultatory method did not agree with those 
for the opposite femoral artery recorded by the hypodermic manometer. 
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ROSE BENGAL EXCRETION AND HIPPURIC ACID SYNTHESIS 
TESTS OF LIVER FUNCTION: A COMPARISON* 
W. P. Srowe, M.D., San FrRANcisco, CALIF. 

N RECENT years numerous tests of liver function have been devised and 

advocated. In the short series of proved cases here presented several of 
these tests have been tried. In none of them did the galactose tolerance test 
prove positive, nor were icteric index and bilirubin findings parallel to the 
severity of the liver damage as shown at operation or autopsy. Serum Takata- 
Ara findings became positive at serum albumin-globulin ratios of 2:1 or less, 
as did also increased average diameters of the red blood cells above 6.9 micra, 
by the halometer method applied to dried smears. 

Our present interest is, however, centered around two of the simplest and 
apparently most accurate of the liver function tests. 

The rose bengal excretion test is that reported by Delprat and Stowe." * 
Details may be obtained from articles quoted, or from the eighth edition of 
Todd and Sanford.* Photelometrie methods of reading the test are also avail- 
able in publications of Giordano and Eager* and of Stowe and Delprat.’ 
Both techniques are completely deseribed in the recent revision of Approved 
Laboratory Technic by Kolmer.’ Briefly, the test is carried out by injecting 
intravenously 10 ¢.c. of 1 per cent solution of rose bengal in saline; waiting 
two minutes for blood stream mixing, and removing and oxalating a sample 
of blood. Six minutes later a second blood sample is removed and oxalated. 
Colorimeter comparison of plasma from the two samples shows a 50 per cent 
decrease of rose bengal in the second as compared to the first, providing the 
liver is normal. Greater degrees of retention in the blood stream are pro- 
portional to decreased liver function. 

The hippuric acid synthesis test of Quick’ is carried out by feeding the 
patient 6 gm. of sodium benzoate with a light breakfast. The entire next four 
hours’ urine is saved, acidified slightly with acetie acid, evaporated to 100 ¢.c. 
if necessary, and, when cool, further acidified to Congo red with full strength 
hydrochloric acid. After this it is stirred vigorously until precipitation ot 
hippuric acid occurs, and allowed to stand several hours; the crystals are then 
filtered off through a Biichner funnel, dried, and weighed. To the weight 
of the erystals thus obtained is added 0.33 em. per 100 ¢.c. of filtrate, fo 
hippurie acid still dissolved in this filtrate. The total figure is then multi 
plied by 0.68 to convert to benzoic acid in terms of which it is reported. A 
four-hour excretion of 2.5 em. to 3.5 em. as benzoie acid indicates norma! 

*From the St. Luke’s Hospital, San Francisco. 

Received for publication, August 22, 1938. 
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liver synthesis. Reduction below 2.5 em., in the presence of relatively normal 
kidney function, is evidence of liver damage. 

Seven cases are presented in Table I. <All diagnoses, except that for 
patient 1, were proved at operation or autopsy. The early slight biliary cir- 
rhosis in patient 7 was shown by biopsy at operation subsequent to the last 
rose bengal reported. The diagnosis in patient 1 was based on history, positive 
Wassermann findings, prompt response to treatment, and a later follow-up of 
apparently perfect health after a year’s treatment. In the table the rose 
bengal function is reported in percentage of normal liver function; in column 
two, hippuric acid excreted in four hours, as grams of benzoic. In column 
three, for purposes of comparison with the rose bengal, hippuric acid exere- 
tion is figured as percentage of normal, using 2.5 gm. as normal output. In all 
except patient 7 the similarity of findings of these two simple tests is obvious. 
In this last patient, in view of the quite rapid return of rose bengal to normal 
under glucose therapy, the hippuric acid test proved the more accurate from 
the standpoint of permanent liver cell damage. 


TABLE I 
ahaa * ; ROSE BENGAL | HIPPURIC ACID | HIPPURIC ACID 
PATIENT PROVED DIAGNOSIS pe ee mie stir iabse sens sn Se 
FUNCTION EXCRETION FUNCTION 
Per cent Gm. Per cent 
1. Mrs. <A. Syphilitic cirrhosis 34 0.9 35 
After 2 mo. treatment 77 1.8 72 
2. Mr. U. Carcinoma of head of pan 90 2.8 110 
| ereas 
3. Mr. V. Subacute hepatitis 35 0.75 30 
| Nitrobenzol poisoning 
4. Mrs. P. |‘ ‘Cardiac cirrhosis’’ rheu- | 55 com 44 
| matic heart, 14 yr. de- | 
compensated 
>. Mrs. D. Advanced cirrhosis 25 0.3 12 
6. Mrs. I. Advanced cirrhosis 20 0.43 17 
7. Mrs. C. | Stone in common duct, slight | 30 2.05 82 
| biliary cirrhosis 
After one month intrave 90 Not repeated pe 


nous glucose 


SUMMARY AND COMMENT 


Liver function values, as determined by two simple tests, are compared in 
7 patients with proved diagnoses. One (rose bengal) is a purely secretory test ; 
the other (Quick’s hippuric acid synthesis) is a metabolic test. A striking 
parallelism of these tests to each other and to the liver condition is shown. In 
view of the close agreement between the two tests it is suggested that the 
rose bengal be used where speed is of importance (one hour to complete, as 
compared to twelve hours or more for hippuric acid test). Also it should be 
used where kidney function is known to be impaired, since this impairment 
vitiates the results in Quick’s test. Where severe jaundice is present and in 
laboratories where apparatus and reagents are limited, the test of Quick is 
technically the more feasible and the one to be recommended. 
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A SIMPLE METHOD OF OBTAINING SPUTUM FOR 
PNEUMOCOCCUS TYPING* 


JacK Rom, M.D., Derrorr, Micu. 





I* INFANTS and young children and in acutely ill pneumonia patients who 





do not expectorate, it is frequently difficult or impossible to obtain sputum 
for pneumococcus typing. The method of culturing direct pharyngeal and 
laryngeal swabs is frequently unsatisfactory, while swabs by laryngoscopy and 
lung suction by means of transthoracic pulmonary puncture are methods not 
applicable to general usage. For this reason we have employed a method of 
obtaining material for pneumococeus typing, which we believe is simple, ac- 
curate, and practical for use both in the hospital and in the home. It includes 
the following: 20 to 50 e.c. Luer syringe (50 ¢.c. preferable) ; soft rubber 
catheter (size dependent upon age of patient) ; small sputum bottle containing 
4 to 5 e.c. of sterile saline; and small amount of sterile glycerin. 

The catheter is connected to the syringe, a small amount of glycerin is 
vilaced on its tip, and the catheter is then passed through the nares back to 
the nasepharynx and thence downward to the oropharynx. It is then passed 
slowly down to the larynx. When the catheter reaches the larynx, the patient 
frequently coughs. The material in the vicinity of the larynx and lower 
pharynx is then aspirated into the syringe by means of repeated suction. If 
insufficient material is obtained, the catheter is withdrawn slightly and the 
aspiration is repeated. After sufficient material has been secured, the catheter 
is withdrawn, the sterile saline is drawn up into the syringe, and the materia! 
flushed out into the sputum bottle. 

This method was employed in 72 cases of pneumonia in which sputum 
was not expectorated. It was possible by this method to obtain sufficient 
material for bacteriologic study in all of the cases. The material obtained 

*From the Department of Medicine of Wayne University and the Detroit Receivin 


Hospital. 
Received for publication, August 22, 1938. 
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was examined both by the direct Neufeld method and by mouse injection. The 


results in these eases are shown in Table I. 
TABLE I 


*NEUN } ‘US UN AND 
wae SOCECCUS FO D ANI NO PNEUMOCOCCUS FOUND 


TYPED 
CASES : eo | TOTAL 
DIRECT | MOUSE NO OTHER OTILER 
IRECT OUSE 
oa ORGANISMS ORGANISMS | 
Adults 16 25 l 3 29 
Children 20 Os + ] 45 
Total 36 63 5 4 72 
03 


SUMMARY 


A method of aspirating sputum for pneumococcus typing is described. The 
results obtained in 72 cases of pneumonia indicate that this method is appli- 


cable in those cases in which sputum is not expectorated. 


A SIMPLE DEVICE FOR CHANGING THE LIGHT INTENSITY 





| IN THE X-RAY ILLUMINATOR* 
siemens 
Epwarp J. VAN Liere, Pu.D., M.D., anv Davin W. Norruvup, Px.D., 
MorGantown, W. Va. 
F comeiell = 
a WO difficulties are encountered in using an ordinary x-ray illuminator or 
. view box in tracing teleoroentgenograms. First, the heat generated by the 
r electric light bulb is apt to injure the film; often too, the film becomes so warm 
= that the hand which is used for tracing cannot be allowed to rest on the film. 
Second, it is not easy, if not impossible, to regulate the intensity of light 
a transmitted through the film. 
- Both of these difficulties can be obviated by the use of a simple and inex- 
d pensive device. A foot rheostat, such as is used in operating an electric sew- 
‘ ig machine and as shown in Fig. 1, can be inserted in series with the electric 
n ‘ight bulb in the x-ray illuminator. Simply by pressing down the foot a wide 
f range of light intensity is instantly available without the necessity of using 
. tle hands, so that the latter may be used for tracing the x-ray silhouette. 
: Further, if the film becomes too warm, the amount of light can be cut down 
- so that the heat will not injure the film or become too hot for the hand. The 
al etrie light goes out automatically when the foot is released, so that the light 
inot be accidentally left on and the film ruined. 
- In making the suggestion that a rheostat be used to vary the intensity 
a o! the light transmitted, the authors appreciate that most of the modern view 
-d boxes are equipped with mercury vapor lamps. It is obvious that the rheostat 
n 


*From the Department of Physiology, West Virginia University, Morgantown. 
Received for publication, August 4, 1938. 
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could not be used in this type of view box; there are, however, still many view 
boxes in use which are not so equipped. <A criticism which might be raised 
is that dimming a filament bulb may add an element of red to the transmitted 
light; many roentgenologists object to this. It is felt that this latter criticism 
is probably of no great importance if the rheostat is used while tracing cardiac 


silhouettes. 














Fig. 1. 


The authors feel then that such a device as described is especially useful 
in tracing the outline of the heart. The change in the intensity of the light 
often is of distinct help in tracing the apex, and the ability to be able to con- 
trol the amount of heat generated makes it possible to work leisurely and 
carefully. Not only, however, is the device useful in tracing teleoroentgeno- 
grams, but it is also of use in studying the ordinary x-ray film where it is 
desirable to change the light intensity. 
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A MANUAL OF NEUROHISTOLOGIC TECHNIQUE 
Oscar A. TurRNeER, M.D., New Haven, Conn. 
(Continued from the April issue, page 748.) 
CHAPTER V 
STAINING OF Fat 

Some form of lipoid stain is generally required in any routine study of 
the nervous system. These stains are easy to do and give satisfactory results, 
although there is a tendency for all of them to fade in time. Of necessity, 
all are done on frozen sections and all are mounted in a medium containing 
no fat solvent. 

Sudan I1I.—This is a commonly employed stain which is applicable to all 
types of tissue. 

1. Frozen sections at 20 microns of formalin-fixed tissue are 
washed thoroughly in distilled water. Tissue embedded in gelatin may 

be used. 

2. Transfer sections to 70 per cent alcohol and allow to remain 

for one minute, 

3. Stain in a saturated solution of sudan III in 70 per cent 
alcohol for about twenty minutes. 

4. Rinse in 70 per cent alcohol. 

5. Counterstain in hematoxylin. 

6. Wash well in two changes of distilled water. 

7. Draw sections on a clean glass slide and mount in gelatin, 

Arabie sugar or glycerin jelly. 

The droplets of fat are colored orange or orange red and stand out fairly 
well from the light orange background. The cell nuclei are stained, the 
depth of staining depending upon the type of hematoxylin used and the time 
of staining in it. Weigert’s hematoxylin is a satisfactory stain for the nuclei 
and Delafield’s may be used also. Mayer’s hematoxylin gives an excellent 
iuclear stain. However, if the tissue has been embedded in gelatin before 
sectioning, it is necessary to use Ehrlich’s hematoxylin for the nuclear stain. 
The preparations are best stored in the dark. 

Herrheimer’s Fat Stain (Sudan IV, Scharlach R, Searlet Red).—This 
method, utilizing a derivative of sudan III as a dye, has become widely used 
and gives results which are superior to the older sudan ITT method. 

1. Frozen sections of formalin-fixed tissue are cut at about 20 
microns, 
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2. The sections are placed in distilled water. 
3. Transfer to the fat stain made as follows: 
Place an exeess (1 to 2 gm.) of scarlet red dye in a_ wide- 


mouthed bottle. To this add the following mixture: 


Absolute alcohol 70 c.e. 
10% sodium hydroxide 20 Cc. 
Distilled water 10 e.e. 


Heat and place in the incubator at 37° C. for one hour. Cool 
in running water, and filter through three thicknesses of coarse filter 
paper into a large watch glass crystal. Allow solution to stand for 
twelve hours before using. It should not be more than five to six days 


old when used, 


4. Cover watch glass with a glass plate and heat until the glass 
plate is sealed with the steam which arises. Allow to stand twenty 
minutes. 

5. Wash in two changes of distilled water, allowing the sections 
to remain in the last wash for about three hours. 

6. Shake in Mayer’s hematoxylin diluted with water to about 50 
per cent of its original strength. Allow to remain overnight, if 
hecessary. 

7. Wash in distilled water and then in tap water for two minutes. 

8. Draw sections on clean glass slides under water, dry with filter 


paper and mount in glycerin Jelly. 


The fat is seen as small and large globules which are stained a searlet red. 
The nuclei stain blue and are more distinct than in the sudan III method. The 
method has the disadvantage of taking more time to complete, but the results 
are correspondingly better. However, Hassin recommends placing the sections 
in about 20 ¢.c. of water to which 5 or 10 drops of Ehrlich’s hematoxylin have 
been added, and allowing them to remain only fifteen minutes. The Ehrlich’s 
hematoxylin is necessary if the tissue has been embedded in gelatin before 
sectioning. Otherwise, any hematoxylin may be used. The criticism has some- 
times been raised that heating the sections tends to disperse or displace the 
fat globules. This will not take place if the heating is not carried to an excess. 
Filtering the staining solution before use helps prevent the formation of pre- 
cipitates. The solution should always be kept covered to prevent evaporation. 

Nile Blue Sulfate Stain —Oceasionally one is interested in obtaining an 
insight into the nature of the lipoidal substances contained in the cells which 
take the fat stain. Although it is obvious that no one single method is specific 
for any one type of lipoid and that a single fat globule may contain several 
different lipoid substances, the method of Lorrain Smith has proved of value 
in histochemical investigations. The method is as follows: 

1. Frozen sections of formalin-fixed tissue are washed thoroughly 
in distilled water. 
2. Sections are placed for ten minutes in a saturated aqueous 


solution of Nile blue sulfate. 
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3. Wash for two to three minutes in distilled water. 
4. Mount in glycerin jelly. 


Fatty acids are stained blue while neutral fats take a pink to red color. 
Mixtures of these two substances are purple or some shade of purple, depend- 
ing upon whether the neutral fats or fatty acids predominate. Other lipoid 
bodies, such as myelin and lipochrome pigments, assume a blue color. Nuclei 
are stained dark blue and protoplasm a light blue. The stain is not permanent 
and fades in two to three days. Differentiation may be carried out in 1 per 


cent acetic acid if the staining is too deep. 


CHAPTER V1 
NONMETALLIC GLIA STAINS 


With the recent additions to our knowledge of the interstitial cells of the 
nervous system, many new selective staining methods have been devised to 
demonstrate these cells. The division here into metallic and nonmetallic 
methods has been made solely for convenience. Certain methods lend them- 
selves more readily to tumor tissue and others more to the study of the degen- 
erative and inflammatory diseases. The special applications of each will be 
noted in the descriptions of the individual stains. 

Mallory’s Phosphotungstic Acid-Hematorylin Stain.—The best results with- 
this method are obtained on paraffin sections of Zenker-fixed tissue. However, 
good results may also be had from the use of formalin-fixed material which 
has been treated with Zenker’s fluid, or passed through the Weigert mordants 
as described by Kernohan. The stain is one of the simplest and most useful 
of the nonmetallic methods for the study of glial tissue in tumors. 


1. Paraffin sections of Zenker-fixed tissue are brought to water 
and treated with Gram’s iodine and hypo as usual to remove the mer- 
curie chloride crystals. 

2. After washing thoroughly, transfer sections to 0.25 per cent 
potassium permanganate solution and allow to remain for from twenty 
to thirty minutes. 

3. Wash well in water and treat in 5 per cent oxalic acid solution 
until the sections are bleached white. They should remain here at 
least ten minutes. 

4. Wash thoroughly in several changes of distilled water. 

5. Stain in Mallory’s phosphotungstie acid-hematoxylin — solu- 
tion for twenty-four to forty-eight hours. The stain is prepared as 
follows: 


Hematein ammonium 0.1 gm. 
Phosphotungstie acid crystals 2.0 gm. 
Water 100.0 ee. 


Dissolve the hematein ammonium in a little water with the aid 
of heat and when cool add the remaining ingredients. Ripen by the 
addition of 0.1 ¢.c. of hydrogen peroxide or allow to ripen spontaneously 


for several months, 
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6. Rinse in water. 
7. Dehydrate in 95 per cent alcohol, absolute alcohol, and clear 
in xylol. Mount in balsam. 


Fibrin, fibroglia, neuroglia, and myoglia fibrils are stained blue while the 
intercellular connective tissue fibrils are stained a pale reddish brown or re- 
main colorless. Collagen tends to take a reddish-pink color in most prepara- 
tions. The coarse elastic fibers sometimes assume a pale purplish-blue color. 
If after step 5 the sections are placed in a 10 to 20 per cent alcoholice solution 
of ferrie chloride for one to three minutes followed by thorough washing in 
water, the intercellular connective tissue fibers are completely decolorized, 
and the blue-stained glial fibers assume a somewhat deeper hue. The cell 
nuclei are blue, and the cytoplasm has a pale pink or brownish-pink color. 
Blepharoplasts may occasionally be stained a pale blue color. 

It is essential that the stain be well ripened. The best results are obtained 
when hematein ammonium is used and allowed to ripen spontaneously for six 
months to a vear. Stain which has been allowed to stand for a year or more 
gives an intense color to the tissues. Hematoxylin may be used instead of 
hematein ammonium, but requires twice the amount of hydrogen peroxide to 
cause ripening. 

Formalin-fixed tissue may be employed. For this, Kernohan recommends 
that the unembedded blocks of tissue be treated four days in Weigert’s primary 
mordant, followed by two days in Weigert’s secondary mordant, after which 
the tissue is embedded in paraffin, sectioned and stained as usual. The same 
method may be employed on tissue already sectioned and mounted on glass 
slides. The deparaffinized sections remain in the primary mordant ten to 
twelve hours, and in the secondary mordant five to six hours. Care should 
be taken that the sections do not float off the glass slides. Fairly good results 
may be obtained also if small blocks of the tissue, which has been fixed in 
formalin or deparaffinized sections, are allowed to remain for three days in 
Zenker’s fixative or 5 per cent potassium bichromate. If Zenker’s fixative is 
used, the sections must be passed through iodine solution and 5 per cent hypo 
to remove the mereurie chloride erystals. Origanum and other oils cause the 
stain to fade. When mounted in balsam and not exposed unduly to direct 
sunlight, the preparations are reasonably permanent. 

This method finds its greatest use in the study of tumors, especially the 
gliomas. It should be noted that the method is not selective for neuroglia, 
but also stains fibroglia and myoglia as well. The degree of impregnation of 
the elastic fibers is usually not sufficient to cause difficulty in interpretation. 

Bailey’s Ethyl Violet-Orange G Stain for Fibrillary Neuroglia.—This 
method was originally intended for use on Zenker-fixed tissue, but Davidoff 
has described a preliminary treatment whereby good preparations can be 
obtained on formalin-fixed material. Sections of paraffin-embedded tissue are 
placed in 50 ¢.c. of water to which 10 drops of ammonia have been added and 
allowed to remain for twenty-four hours at room temperature. The ammonia 
is then washed out with a slow stream of running water for one to two hours, 
and the sections are treated in Zenker’s fluid for twelve to twenty-four hours. 
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They are then passed through Gram’s iodine and hypo to remove the erystals 
of mercuric chloride and the stain carried out as with tissue fixed originally 
in Zenker’s solution. The method is as follows: 


1. Place for three days in a 3 per cent solution of potassium 
bichromate. 


2. Rinse in water and transfer sections into a solution of ethyl 


violet-orange G and allow to remain for twelve hours. The staining 
solution is prepared as follows: 


Ethyl violet 1.0 gm. 
Orange G 0.5 gm. 
The dyes should be weighed accurately. Add 100 ¢.e. of distilled 


water and stir thoroughly. Place in the incubator at 37° C. for twelve 
to twenty-four hours for precipitation to occur. Decant the supernatant 
fluid, and wash the precipitate several times with distilled water. Place 
in the incubator to dry. Make a saturated solution of the dried precipi- 
tate in absolute alcohol. Use this as a stock solution. For staining, 


use 1 part of the stock solution to 3 parts of 20% alcohol. 


3. Blot the sections and agitate quickly in anhydrous acetone. 
4. Place in toluol for two to three seconds. 
5. Flood the slide with pure oil of cloves. 

6. Differentiate in a mixture of 3 parts of oil of cloves and 1 part 
of 96 per cent alcohol. 

7. Rinse in pure oil of cloves. 

8. Pass sections through several changes of toluol and clear in 


several changes of xylol. Mount in balsam. 


The neuroglia fibers appear dark violet against an orange background. 
The nuclei, fibrin, and erythrocytes are also stained. There is sharp staining 
of the myoglia and fibroglia, so that the method cannot be depended upon 
outside of the central nervous system. 


In differentiation, after most of the toluol is wiped off the slide, the section 
is flooded with the pure oil of cloves. The slide is then agitated in the dif- 
ferentiating solution and the degree of decolorization is controlled under the 
microscope. This should be carried to the point where the blood vessels 
stand out as orange rings. If the decolorization is too rapid, more of the oil of 
cloves may be added to the differentiating solution. The affinity of the tissues 
lor the dye varies somewhat, the protoplasmie neurogtia of the cortex retain- 
ing the stain strongly. 

If the tissue has been mordanted for over a week previous to staining, 
tiere is danger that the myelin sheaths will take the stain. Occasionally this 
lay oecur in old formalin-fixed tissue. 

It is important that the staining solution be prepared carefully. The 

ock solution, if tightly stoppered, will keep indefinitely. This method has 
lis greatest use in tumor work, and although experience is necessary to obtain 





the best results, the method is reliable and the preparations are excellent for 
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photography. The stain is not permanent and tends to fade. It should not 





be exposed to direct sunlight or heat. 

Holzer Glia-Fiber Stain—With this method, frozen paraffin, or celloidin 
sections of formalin-fixed tissue may be used. <Alecohol-fixed tissue may be 
used, but is not recommended. The method is particularly adapted to the 
study of general neuropathologic material, although useful preparations of 
tumor tissue can be obtained. The method is one of the best for glia fibers. 

(a) Frozen Sections. 

1. Place sections cut at 15 microns in 50 per cent aleohol and 
allow to remain for one to two hours. 
2. Draw on slide covered with egg albumen-glycerin., Blot dry 


with filter paper. 





3. Wash three times with phosphomolybdic acid solution: 
0.5% phosphomolybdie acid, aqueous 1 part 
96% alcohol » parts 
The individual components keep well, but the mixture should be pre- 
pared fresh. 
4. Blot three times with filter paper soaked in the following 


alcohol-chloroform mixture: 


bo 


Absolute alcohol 
Chloroform 


Fr 


Prepare fresh. 
Firm pressure will prevent the sections from coming off the slides. 
5. Cover sections with this same alcohol-chloroform mixture un- 
til the sections clear. Do not allow drying to take place. 


6. Add crystal violet solution directly to the above. 


Crystal violet 1 gm. 
Absolute alcohol 2 c.c. 
Chloroform 8 ¢.c. 


Filter. Solution keeps well. 
7. Add quickly a 10 per cent solution (aqueous) of potassium 
bromide by drops until the green sheen which forms disappears. Blot 
dry with filter paper. 


8. Differentiate in the following solution: 


Aniline oil 4 @.¢. 
Chloroform 6 ¢@.e. 
1% aqueous acetic acid 1 drop 


Filter. Prepare fresh before use. 


It is necessary to control the differentiation under the microscope. When 
the desired decolorization is attained, flood the slide with xylol and mount 
in balsam. 

It is necessary to work quite rapidly throughout the entire procedure. 
Because of this, it is convenient to keep the various reagents in small dropper 
bottles, pouring the solutions over the slides. Coplin jars cannot be used 
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because of the rapidity with which most of the solutions evaporate. When 
examining the sections under the microscope, wash out the differentiating 
solution with xylol lest the decolorization be carried too far. It may be neces- 
sary to repeat the process several times before the correct degree of decolori- 
zation is obtained. 
(b) Paraffin Sections. 
1. Place deparaffinized sections for three minutes in the following 
freshly prepared mixture: 
0.5% phosphomolybdie acid, aqueous 10 ¢.c. 
96% alcohol 20 e.e. 
2. Drain off the fluid and cover section with: 


Absolute alcohol S €2. 
Chloroform 8 ¢.e. 
Prepare fresh. 
3. While still wet, cover with the following staining mixture and 


allow to remain so for thirty seconds: 


Crystal violet 0.5 gm. 
Absolute aleohol 2.0 ¢.c. 
Chloroform 8.0 c.e. 


Filter. This solution keeps well. 


4. Replace dye with 10 per cent aqueous potassium bromide solu- 
tion and wash in this same solution for one minute. 


5. Differentiate for thirty seconds in: 


Aniline oil 6 @.c. 
Chloroform 9 ¢.c. 
Ammonia, 25% 1 drop 


Prepare fresh. 


6. Wash in xylol. If the section is overstained, repeat differen- 
tiation, controlling under the microscope. Mount in balsam after 


washing thoroughly in xylol. 


(ec) Celloidin Sections. 

Before staining, celloidin sections should be allowed to remain 
overnight in methyl aleohol. Draw on to glass slides directly from 
this and blot dry. Place sections for a short time in 50 per cent 
aleohol; dry and proceed as in the method outlined for frozen see- 
tions. Celloidin sections may also be mounted on glass slides before 
treatment with methyl alcohol. A mixture of equal parts of absolute 
alcohol and ether may be used also to remove the celloidin. 


With the frozen sections and the paraffin-embedded tissue the background 
hould be practically colorless. Where celloidin sections have been used the 
background is usually colored a light blue, but often not uniformly so. Glial 
‘lls stain clearly. The fibers and nuclei are colored a deep shade of blue, 
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the depth of the staining depending upon the degree of decolorization of the 
tissue. In celloidin sections there may be a tendency for the perivascular 
connective tissue to take the dye slightly deeper than the background but 
never enough to interfere with the recognition of the glial fibers. Myelin 
sheaths, reticulum, axis cylinders, and ganglion cells are not stained. The 
best results are obtained on frozen and paraffin sections, and these should be 
used in preference to celloidin sections whenever possible. 

Once started, the procedure must be carried through to completion. Pre- 
cipitates can be avoided by working rapidly and using fresh solutions which 
are carefully filtered. With the exception of the dye and the potassium 
bromide solution, all solutions should be prepared fresh. 

Warkany’s modification, in which frozen sections are used, consists of 
placing the sections for one to two minutes in equal parts of 1 per cent phos- 
phomolybdie acid and 95 per cent alcohol, washing in a mixture of 4 parts 
of chloroform and 1 part of 95 per cent alcohol and staining for a few seconds 
in a mixture of 8 ¢.c. chloroform, 0.5 gm. crystal violet and 2 ¢.c. 95 per cent 
aleohol. The sections are then washed in 95 per cent aleohol for a short time 
and differentiated in two changes of aniline oil. This method has the advan- 
tage of being simpler and less time-consuming than the original Holzer method, 
but gives results which are less consistent. 

Alzheimer-Mann Stain for Neuroglia.—This stain, although primarily in- 
tended for the study of neuroglia, is important in that it allows the study of 
both myelin sheaths and axis cylinders in the same preparation. The tissue 
should be fixed in Weigert’s glial (secondary) mordant for at least two weeks. 
Prolonged fixation has no ill effects. 


1. Wash the blocks of tissue for twelve to twenty-four hours to 
remove the excess copper. Shorter periods of washing, while not 
deleterious to the stain, will not completely remove the excess copper 
which may injure the edge of the microtome knife. 


2. Cut frozen sections at 10 to 15 microns. 


3. Mordant in a saturated aqueous solution of phosphomolybdie 
acid. The sections may remain in this solution for as long as twelve 
hours, although one hour is usually enough. 

4. Wash quickly in two changes of distilled water. 


5. Place in Mann’s solution for one to two hours: 


1% aqueous methyl blue 35 ¢.¢. 
1% aqueous eosin 35 ¢@.e. 
Distilled water 100 e.e. 


6. Wash rapidly in distilled water. 

7. Differentiate in 96 per cent alcohol. This takes place quite 
rapidly. The white matter should be bright red or pink, and the 
gray matter a light blue. The differentiation can be controlled by 
the color of the gray matter. 

8. Rapidly dehydrate in absolute alcohol, clear in xylol, and 
mount in balsam. 
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Normal myelin sheaths are colorless or pink, depending upon the degree 
of decolorization. Degenerating myelin sheaths tend to assume a deeper shade 
and may stain bright red. Normal axis cylinders stain a deep blue, while 
degenerating axis cylinders are a bright red. The cytoplasm of the glial cells 
is a pale blue color, while neuroglia fibers take a dark blue stain. Amoeboid 
glia vary in color from a pale to deep blue and often show stained inclusion 
bodies. Connective tissue stains a dark blue. In the cortex the differentiation 
is less clear; the nerve cells take a dark blue color and show relatively little 
detail. 

The method is of particular value in studying spinal cord and peripheral 
nerves, especially for the pathologic forms of glia and the axis cylinders. 
Mallory states that the change from blue to red staining of the latter takes 
place as early as forty-eight hours after a lesion, while degeneration as demon- 
strated by the secondary changes in the myelin sheaths (Marchi method) 
begin to appear only after about seven days. 

Although the best results are obtained upon tissue which has been placed 
directly into the glia mordant, formalin-fixed tissue which has been placed 
in the glia mordant and allowed to remain two weeks may also be used. After 
the frozen sections are cut, they may be stained at once or allowed to remain 
overnight in the glia mordant. Instead of utilizing a saturated solution of 
phosphomolybdice acid, Wertham allows the sections to remain for a half hour 
in a 0.5 per cent solution, after which they are transferred to a 10 per cent 
solution for three to four hours. The sections should be handled with glass 
hooks and eare should be taken that they lie flat in the various solutions. 
Beautiful preparations may be obtained by using this method as a counter- 
stain for the Bielschowsky silver method. 


CHaptTer VII 
MerALLic GLIA STAINS 

Although many of the nonmetallic glia stains give excellent pictures of 
the glial fibers, few give as clear-cut and detailed staining of the cell bodies 
and their processes as do the metallic impregnation methods. Although prac- 
tically all of the original methods require special fixatives, many modifications 
make possible the use of formalin-fixed tissue. Only those have been selected 
which give relatively consistent results. 

The technique of impregnating the interstitial cells of the central nervous 
system requires certain care and attention to details which is not usually 
called for in the staining of other tissues. Although small variations in timing, 
temperature, and such will often be found necessary to attain the best results 
by the individual worker, the techniques are more or less standard, and cer- 
tain factors must be followed closely. The glial cells are particularly sus- 
ceptible to post-mortem change, and as such the tissue should be fixed as soon 
after death as possible. All glassware must be chemically clean and washed 
in distilled water prior to use. Unless otherwise indicated, distilled water is 
to be used for all solutions. Sections should be handled with small glass rods. 
At the best, metallic stains are apt to be rather capricious, requiring patience 
and practice. 
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Cajal’s Gold Sublimate Method.—This method originally called for tissue 
fixed in formalin-ammonium bromide. Many preliminary treatments for 
formalin-fixed tissue have been described, so that at the present time excellent 
results can be obtained on routine laboratory material. Most of these pre- 
liminary treatments follow the work of Globus and depend upon the intro- 
duction of bromine in some form into the tissue. Ilowever, good results can 
be obtained occasionally by the use of formalin-fixed tissue without previous 
treatment, particularly if the tissue has not been fixed in the formalin over 
two days. The method is one of the simplest and one of the most useful for 
tumor tissue. Frozen sections, 20 to 30 microns, are used, The method, with- 
out previous treatment of the tissues, is as follows: 

1. Wash sections in distilled water. 
2. Stain from four to eighteen hours (overnight usually) in the 
following mixture: 


1% gold chloride (acid brown) 6 ee. 
1% mercurie chloride 25 ¢.¢e. 
Distilled water 5 ¢.e. 


Prepare fresh before use. 


This is enough for 6 to 8 average-sized sections. If the sections are 
particularly large, only 4 should be stained in this amount of solution. 

3. Wash in distilled water. 

4. Fix for five to ten minutes in 5 per cent sodium thiosulfate. 
The sections become quite flexible in this solution, 

5. Wash well in distilled water. 

6. Transfer to 50 per cent alcohol. Mount on glass slides, blot 
carefully but firmly, complete dehydration in two changes of absolute 
alcohol, clear in xylol, and mount in balsam. When completely de- 
hydrated the sections are clear when seen with transmitted light, but 
appear almost opaque with reflected light. They are purplish red or 
reddish brown in color. They do not fade. 


The microsecopie picture depends considerably upon the depth of staining. 
When the staining has been intense, the glial cells, particularly the astrocytes, 
appear deep purple to black, and the background is a lavender or light 
reddish-purple color. The glial fibers are of the same purplish-black color. 
With less intense staining the background is a light lavender, and the indi- 
vidual fibers and cell processes are more distinctly seen. In some instances 
a certain amount of nuclear detail is evident. Ganglion cells may be faintl) 
impregnated and the capillaries may be outlined by the perivascular exten- 
sions of the astrocytes which take the stain deeply. 

The length of time required for complete staining varies considerably. 
When the sections have assumed a purple color, it is best to remove one and 
examine it under the microscope. In the wet preparation, with the low-power 
lens of the microscope, the astrocytes should stand out as deeply stained blac! 
stars. The affinity for this stain varies with different tissues, so that the 
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sections should be watched to prevent overstaining. It is not necessary to 
keep the staining solution in the dark. With tissue which has been fixed in 
formalin, especially if the period of fixation has been long, there is a tendency 
toward granular staining. If the tissue has been in formalin very long, the 
astrocytes may become refractory to the gold. 

The following pretreatment has been suggested by Globus for material 
which has been hardened in formalin. It may be used for both the Cajal and 
Hortega stains, 

1. Frozen sections at from 15 to 30 microns. 
2. Wash quickly in several changes of distilled water. 

3. Place in a 10 per cent solution of strong ammonium hydroxide 
for twenty-four hours at room temperature, or for four hours in an 
incubator. 

4. Rinse rapidly in two changes of distilled water. 

5. Place in a 10 per cent solution of concentrated (41 per cent) 
hydrobromie acid for two to four hours. 

6. Wash rapidly in two changes of distilled water to which a few 
drops of ammonium hydroxide have been added. Proceed with the 


Cajal or Hortega stain as usual. 


If sections are not to be stained at once, they should be left in 2 per cent 
ammonium bromide to which a few drops of neutral formalin have been added. 
Tissue which has been fixed in formalin-ammonium bromide or which has been 
treated with bromine derivatives may require shorter staining periods in the 
gold bath. Occasionally, excellent results can be obtained by merely allowing 
the sections to remain overnight or longer in formalin-ammonium bromide in 
the ineubator at 57° C. 
1:1000 aqueous solution of erythrosin to the gold bath to hasten the staining. 


Penfield suggests the addition of 2 or 3 drops of a 
A similar result can be obtained by adding enough dry erythrosin dye to the 
vold bath to impart an orange tint. Moderate increases in temperature also 
favor the staining reaction. 

Corten’s Modification of the Cajal Gold Sublimate stain was devised for 
formalin-fixed tissue and gives good results. 


1. Frozen sections, 20 to 25 microns, are heated in the following 


solution until steam arises: 


Ammonium bromide 15 gm. 
Formol (undiluted and neutral) 100 e.e. 
Double distilled water 400 e.e. 


Do not boil. 


2. Transfer directly without washing into: 


Antiformin 3 ¢.¢. 
96% alcohol 8 c.c. 


Wash thoroughly in two changes of double distilled water. 














THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 





4. Stain for one to two hours or until the sections are brownish 


red in the following solution: 


1% aqueous gold chloride (acid brown) t c.e, 
5% aqueous mercuric chloride 8 ee. 
Double distilled water 6 @.e. 


During the staining, the sections should be kept in the dark in the 
incubator at 37° CC. The staining should be controlled under the 
mierosecope but seetions should be washed in double distilled water be- 
fore examination. 

5. Wash thoroughly in double distilled water and fix in 5 per 
cent hypo for fifteen minutes. 

6. Wash thoroughly in distilled water, mount on a slide from 50 
per cent alcohol, blot firmly but carefully, complete dehydration in 
absolute alcohol, and clear in xylol. Mount in balsam. 

The antiformin should be active and it may be necessary to prepare it 
fresh. The final results of the stain are those described previously. 

Gelatin-embedded material may be used if sections are cut at 10 microns 
or less. Wertham advises the following gold bath: 


1% gold chloride 10 e.e. 
5% aqueous mercuric chloride 6 c.c. 
Distilled water 4 ee. 


The time required for staining is usually lengthened. 

In general, the stain is the simplest and the most reliable of the metallic 
methods for glial cells. 

Kanzler’s Modification of Hortega’s Method for Microglia.—Of the numer- 
ous modifications of the original Hortega method for the silver impregnation 
of microglia, this one gives good results. Tissue fixed in formalin or formalin- 
ammonium bromide may be used. 

1. Frozen sections, 25 to 30 microns, are received in distilled 
water and transferred to the following formalin-ammonium bromide 
mixture in which they are heated until steam arises: 


Ammonium bromide 15 gm. 
Pure formalin 100 e.e. 
Distilled water 400 e.e. 


This solution keeps well. 


Allow to cool fifteen minutes or longer. Do not boil. 
2. Without washing, place directly into the following aleohol- 
antiformin bath: 


Antiformin 3 ¢@.e. 
96% alcohol 8 c.c. 
Distilled water 2 ee. 


Prepare fresh before using. 
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It is essential that the antiformin be fresh and active. Allow to re- 
main five to eight seconds, or until the white matter becomes appar- 
ent. Keep sections in motion during this time. 

3. Wash in two changes of distilled water and transfer to the 
following silver bath: 

10% silver nitrate oS ez. 

10% sodium carbonate 15 e.c. 

Dissolve the resultant precipitate by the addition of strong am 
monium hydroxide, drop by drop, shaking continuously. Avoid an 
excess of ammonia. No further water is added. Filter before use. 
Prepare fresh. 

Allow sections to remain eight to fifteen seconds. 

4. Transfer without washing to 2 per cent formalin made up with 
distilled water, Develop quickly, keeping the sections in motion and 
renewing the solution frequently. 

5. Wash freely in distilled water. 
6. Tone for ten to twenty minutes in the following gold bath: 


1% gold chloride (yellow) 1 to 2 c.e. 


Distilled water 10 ee, 


7. Wash and fix in 10 ¢.c. of a 5 per cent solution of sodium 
thiosulfate to which 1 em. of sodium sulfate has been added. The 
addition of the latter is not absolutely necessary. Allow sections to 
remain for one minute. 

Wash well in distilled water. Mount sections from 50 per cent 
alcohol, blot firmly, and complete dehydration in absolute alcohol. 


Clear in creosote carboxyvlol and mount in balsam. 


Microglia is seen as small cells containing an elongated, rod-shaped or 
triangular nucleus and short, irregular processes. The cells are stained a 
grayish black and stand out sharply from the light gray background. There 
is impregnation of the nuclei of the other interstitial cells, but only rarely can 
the outline of the astrocytes be seen, Axis cylinders, myelin sheaths, neurons, 
and such are not stained. 

Failure to obtain good staining may be due to several factors. The sodium 
carbonate used in the preparation of the silver bath must be free from im- 
purities. Imperfectly distilled water may account for some failures. The 
antiformin must be active, and it may be necessary to prepare it fresh by 
mixing equal parts of 15 per cent sodium hydroxide and 20 per cent sodium 
ivpochlorite. The commercial antiformin may not give good results. It is 
‘ften necessary for the individual worker to try minor empirical variations 
in the technique if the method does not sueceed the first few times. The 
pathologie forms of microglia stain more easily than the microglia in normal 
brain tissue. The beginner will find it helpful to become acquainted with the 
method through the use of tissue from a case of dementia paralytica where 
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the microglia cells are increased in size and number, particularly in the 
frontal lobes. In general, this method gives fairly consistent results, and the 
completed preparations are excellent for photography. 

Penfield’s Second Modification for Combined Oligodendroglia and Microg- 
lia—With this modification of Hortega’s silver carbonate method there is 
staining of both the oligodendroglia and microglia cells. It can be applied to 


formalin or formalin-ammonium bromide fixed tissue. 


1. Frozen sections, cut at 20 microns, are received into 1 per cent 
formalin or distilled water. The former is preferable, since it pre- 
vents swelling of the tissue. 

2. Place sections in distilled water to which 10 to 15 drops of 
strong ammonium hydroxide have been added. Cover and allow to 
remain overnight. 

3. Without washing, transfer sections to 5 per cent Globus’ 
hydrobromie acid, and place in ineubator at 38° C. for one hour. 

40% hydrobromic acid 5D ee. 
Distilled water 95 ¢.e. 

4. Rinse in three changes of distilled water. 

5. Mordant sections in 5 per cent sodium carbonate for one hour. 
They may remain here for five to six hours without ill effect. 

6. Pass sections, preferably without washing, into Hortega’s 
weak ammoniacal silver carbonate solution for three to five minutes, 
or until they turn a smooth gray when transferred to the reducer. 
At times good results may be obtained by leaving the sections in the 
silver solution until they turn light brown. The impregnation should 
be controlled under the microscope. Hortega’s weak ammoniacal 
silver carbonate solution is prepared as follows: 

10% silver nitrate Do CC. 

5% sodium carbonate, pure 20 c.c. 

Add sufficient fresh ammonium hydroxide, drop by drop, to just 
dissolve the precipitate, stirring constantly. Do not add too much 
ammonia. <A fine black precipitate, unlike the voluminous silver car- 


bonate, remains. Filter and dilute to 75 ¢.c. Keep in a dark bottle. 

7. Reduce in 1 per cent formalin, agitating sections constantly. 
Use fresh formalin for each section. 

8. Wash in distilled water and tone in 1:500 gold chloride at 
room temperature until sections are a smooth gray. 

9. Fix in 5 per cent sodium thiosulfate for a few minutes. 

10. Wash freely in distilled water and mount on a glass slide 
from 50 per cent alcohol. Blot, complete dehydration in absolute 


aleohol, clear with creosote carboxylol, and mount in balsam. 


With this method there is staining of the oligodendroglia and microglia 


with a fair degree of consistency. The two types of cells can be distinguished 
] 


by their differences in morphology, the oligodendroglia appearing as rel: 
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tively small cells with large spherical nuclei, scanty cytoplasm, and a few 
fine processes. The microglia appear as described in the Kanzler stain. Ocea- 
sionally there is faint impregnation of the astrocytes, especially if the see- 
tions have been allowed to remain in the silver bath too long. The background 
is practically colorless, axis cylinders, neurons, and such not taking the stain. 
By allowing the sections to remain in the ammonia two nights and lengthen- 
ing the time of treatment in the silver bath, a more intense impregnation is 
obtained. 

The method works best if the tissue is not too old, although good results 
can be obtained on old formalin-fixed material. Tissue fixed in formalin for 
not over two days gives excellent results. .As in the Kanzler modification, 
failure to obtain good impregnation may be due to imperfectly distilled water, 
impure sodium carbonate, or improperly fixed tissue. Whenever possible, 
tissue fixed in formalin-ammonium bromide should be used and the silver car- 
bonate solution prepared fresh, although the latter keeps for several weeks 
when tightly stoppered and stored in an amber bottle in the dark. 

Glia Stains on Paraffin Sections.—Practically all of the selective metallic 
methods for the demonstration of glia cells require the use of frozen sections. 
Occasionally, however, unembedded tissue is not available and it becomes 
necessary to use paraffin sections. Numerous methods have been devised for 


the silver impregnation of paraffined tissue, none of which are very satisfac- 


tory. The methods are usually not very reliable and rarely are they selective, 
impregnating nerve fibers, glia cells. glia fibers, and connective tissue at the 
same time. They are useful, nevertheless, if only as a means of obtaining a 
general survey for comparison with the more specific stains. 

Wilder’s Method for Glia and Nerve Fibers—Paraffined sections, cut at 8 
to 10 microns, are brought to distilled water. Tissue should be fixed in 
formalin. 

1. Place in 34 per cent hydrobromic acid for thirty minutes. 
2. Wash in distilled water for ten to twenty seconds. 

3. Flood the slide for five seconds with 1 per cent aqueous urani- 
um nitrate solution, sodium free. It may be necessary to use a 
shorter time. 

4. Wash in distilled water for ten to twenty seconds. 

5. Place in silver diamino-hydroxide for twenty seconds. 

To 5 e«.c. of 10.2% silver nitrate, add strong ammonium hydroxide 
until the precipitate which forms just redissolves. Add 5 c.c. of 3.1% 
sodium hydroxide and dissolve the precipitate which forms by adding 
ammonium hydroxide, drop by drop. Make up to 50 ¢.c. with distilled 
water. Prepare fresh just before use. 


6. Wash briefly in distilled water. 
7. Agitate each slide separately in the following reducing solution 
until the brown cloud is no longer given off: 


1% uranium nitrate 

40% formalin, neutralized with magnesium 
carbonate 0.5 e.e. 

Distilled water 50.0 e.e. 
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8. Wash in distilled water. 
9. Counterstain with eosin. Dehydrate in alcohol, clear in xylol, 
and mount in balsam. Hematoxylin may be used but must be blued 

in tap water. 

The ganglion cells, nerve fibers, and glia cells and their processes are 
stained black. The astrocytes and spongioblasts are well impregnated. Tissue 
fixed twenty-four hours after death shows impregnation of the nerve fibers 
and fibrous astrocytes, but the processes of the protoplasmic astrocytes and 
the oligodendroglia cells cannot be shown when more than six hours have 
elapsed between the time of death and fixation. As in other metallic methods, 
if fixation has not been prompt, the staining is apt to be granular. 

The uranium nitrate and silver nitrate solutions keep indefinitely. The 
silver nitrate should be stored in a dark bottle out of the light. The silver 
diamino-hydroxide, if stored in a tightly stoppered amber-colored bottle, will 
keep for a week. 

Fincher’s Silver Carbonate Method.—This method is particularly well 
adapted for tumor tissue. It utilizes Hortega’s silver lithium carbonate. Thin 


paraffin sections are brought to distilled water. 


1. Mordant in the following solution at 60° C. until sections are 


colored yellow: 


2% silver nitrate 30 ee. 
Pyridine 10 drops 
Aleohol 15 drops 


2. Dip in 95 per cent alcohol. Wash sections in water and im- 


pregnate in the following silver bath: 


Silver carbonate, lithium 30 ec, 
Pyridine 10 drops 
Aleohol iS drops 


Place in the incubator at 60° C. until sections are amber. 





3. Wash rapidly in 95 per cent alcohol. 
4. Reduce in 10 per cent formalin. 
5. Wash in distilled water. 
6. Tone in 1:500 gold chloride solution in the incubator at 60° C. 
until sections are a grayish-red color. 
7. Wash in distilled water and fix in 5 per cent sodium hypo- 
sulfite solution. 
8. Wash in distilled water, dehydrate in alcohol, clear in creo- 
sote carboxylol, and mount in balsam. 
The neural and glial elements are stained a pinkish-red color in contras! 
to the more heavily impregnated fibroblastic elements which assume a dar! 


brown color. Astrocytes and spongioblasts are well stained. 
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Zenker-fixed tissue may be used but should be passed first through 
Gram’s iodine, followed by 5 per cent sodium thiosulfate to remove the 
mereuric chloride crystals. Tissue which has been fixed in Kaiserling’s fluid 
for museum purposes may also be stained. An excess of silver in the tissue 
may be removed by allowing the sections to remain overnight in xylol to 


which a few drops of pyridine have been added. 
Hortega’s silver carbonate (lithium) is prepared as follows: 


10% silver nitrate 5 ¢@.e. 


0.5% lithium carbonate 20 @.e. 


Add strong ammonium hydroxide, drop by drop, until the pre- 
cipitate is just dissolved. The solution should be stirred continuously 
and care taken to avoid an excess of ammonia. A small amount of fine 
black precipitate will remain and may be filtered off. Make up to 
75 e.c. with distilled water and store in firmly stoppered brown bottle. 


The solution keeps for several weeks. 


(To be continued.) 
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TYPHOID VACCINATION, A Study of Oral, as Measured by Blood Serum Agglutinins, 
Crimm, P. D., and Short, D. M. Am. J. M. Se. 196: 826, 1938. 


Using typhoid-mixed vaccine, 100 cases were vaccinated by the oral and a like num- 
ber by the subeutaneous method. Blood serum agglutinins were determined periodically. 

Thirty-three per cent of the cases which received the oral typhoid-mixed vaccine had 
mild reactions, none of which were incapacitating 


Significant agglutinin titers with oral typhoid vaccine are present within sixty hours. 


The agglutinin titration of both methods is essentially comparable after an interval of 


from two to five weeks. Significant titers persist for six months or longer following oral 
vaccine. 

Those cases failing to show agglutinins five weeks following vaccination were 24 per 
cent for the subcutaneous, and 8 per cent for the oral cases. Thus, the failures are three times 
as numerous with the subcutaneous as with the oral method. 

The authors conclude, from the extensive clinical reports of others and from the present 
laboratory results, that the oral method is as efficacious as the subeutaneous method of mixed 
typhoid vaccination. 


MALARIA, New Method of Staining Thick Films, Simons, H. Bull. Soc. path. exot. 31: 
100, 1938. 


For the purpose of rapid diagnosis of blood parasites the author advocates the use 
of the following mixture, which dehemoglobinizes the red blood cells by virtue of the 


saponin, and stains the parasites and leucocytes by virtue of the methylene blue. 


Distilled water 200 
Methylene blue 0.6 
Sodium chloride 1.8 
Sodium citrate 3.0 
Saponin 

Formol (15 per cent) 12 


The mixture is poured over a thin or thick smear and allowed to act for one or two 
minutes. In the case of thick films the stain is poured off and fresh stain is applied. A: 
cording to the thickness of the film, this is repeated three to five times. When staining is com 
plete, the stain is poured off and a cover glass is applied, examination of the film being 
made in the small quantity of stain remaining under the cover glass, There being little dange: 
of the thick film floating off the slide, drying in the first place may be conducted rapidl) 
by repeated gentle warming in a flame and blowing. The whole process of preparation and 
staining of a thick film does not occupy more than three or four minutes—a considerab|: 


saving of time when rapid diagnosis is necessary. 


ERYTHROCYTES, Red Blood Cell Values in Adolescence, Mugrage, E. R., and Andresen, 
M. I. Am. J. Dis. Child. 56: 997, 1938. 


The quantity of hemoglobin, the number of red blood cells, and the volume of packed 
cells were determined accurately on samples of venous blood from 80 boys and 80 girls, | 


tween the ages of 13 and 21 years. The values obtained are compared with a series of ('') 
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similar determinations on the blood of infants, children, and adults. From the results of the 
study, the following conclusions may be drawn: 

1. Averages for boys are almost identical with those for girls at 15 years. These 
gradually increase to the adult level for men at 17 years. Averages for girls show little 
variation from the level for women during the adolescent period. 

2. In the adolescent as well as in the adult, the average volume of the individual red 
blood cell of the male is smaller than that of the female. Values for adolescents of both 
sexes are slightly higher than those for adults. 

3. The corpuscular hemoglobin concentration remains at the same level throughout 


adolescence as in other age periods. 


DYSENTERY: Specificity of Agglutination Reaction for S. dysenteriae, Mackie, T. T. 
Arch. Int. Med. 62: 783, 1938. 


Prolonged serologic and cultural studies indicate the necessity for cautious interpreta- 
tion of the agglutination reaction in cases of chronic inflammatory disease of the colon. 
The author has repeatedly found agglutinins for S. dysenteriae present at titers commonly 
considered to establish the diagnosis unaccompanied by cultural evidence of homologous 
infection. Conversely, no agglutination reactions have been observed in cases of proved 
infection. Marked and unaccountable variations of agglutinin titer are the rule in the course 
of repeated determinations. It is a striking fact that the majority of the sera which gave a 
high titer were obtained from patients who consistently showed sterile culture for S. 
dysenteriae. These observations suggest that agglutinins for S. dysenteriae may develop in 


response to nonspecific heterologous stimuli. 


LEAD HAZARD, Observations on Men Exposed to, and an Original Method for Detection 
of Polychromasia, Windsor-McLean, L. A. M. .J. Australia 2: 367, 1958. 


Ordinary thin blood films are made on clean, thin (1.0 mm. or less) microscopic slides 
in the ordinary way. After drying, the films are fixed by running pure methyl alcohol on 
the slide, film up, and allowing it to remain for two minutes. The film is allowed to dry in 
the air, and then Seller’s stain is run on and allowed to remain on the film for forty-five 
seconds. The stain is then washed off with running tap water, and the washing continued for 
one minute. The film should then be very pale green in color. It is allowed to dry in the air 
and is then examined by the dark-field method. 


FREI TEST, Evaluation of, With Mouse Brain Antigen, Reider, R. F., and Canizares, O. 
Arch. Dermat. & Syph. 38: 628, 1938. 


For 116 patients with lymphogranuloma venereum and 204 control subjects, 398 
tests were made with mouse brain antigen, 398 with emulsion of normal mouse brain, 
and 124 with antigen prepared from pus of human patients. 

Criteria are offered for interpretation of the test with mouse brain antigen. 

Of patients with lymphogranuloma venereum, 90 per cent gave positive, 9 per cent 
negative, and 1 per cent doubtful reactions to mouse brain antigen. Most patients giving 

negative reaction had the disease in an early stage and later gave a positive reaction. 

Of the control subjects 93 per cent gave negative, 5 per cent positive, and 2 per cent 
oubtful reactions to mouse brain antigen. 

One per cent of persons tested showed a strong hypersensitivity to mouse brain tissue, 
le reaction to emulsion of normal mouse brain and to mouse brain antigen remaining intense 
or more than a week. 

The optimum time to read the result of the Frei test is between the third and the fifth 
ays, preferably the fourth day. 

A reaction to mouse brain antigen on the fourth day consisting of a papule more than 

mm. in diameter, accompanied with a much less intense reaction to emulsion of normal 
ouse brain, may be considered positive. The reaction should remain this size or become 
rger for at least one week. 
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There is usually a reaction to mouse brain antigen and to emulsion of normal mouse 
brain during the first two days, which then disappears. This is a nonspecific reaction. 





In the interpretation of borderline reactions (6 to 7.5 gm.) to mouse brain antigen, 
the size of the corresponding reaction to emulsion of normal mouse brain should be taken 
into consideration. A small percentage of reactions are doubtful and cannot be interpreted. 
The test should be repeated in cases in which such a reaction appears. 

Comparison of mouse brain antigen with that prepared from the pus of human patients 
shows that both give approximately equal reactions. 

Mouse brain antigen is suitable for use in the diagnosis of lymphogranuloma venereum 


when the reaction to it is properly interpreted. 


TUBERCULOSIS, Effect of, on Serological Reactions for Syphilis, Parran, T., and Emerson, 
K. Am. Rev. Tubere. 39: 1, 1939. 


Inasmuch as with the present serologic tests for syphilis both typical and atypical 
false-doubtful and false-positive results are found in sera from tubereulous donors, it is 
evident that tuberculous toxemia may contribute a confusing factor to syphilis serology. 
It should not, however, present a major problem in the clinical interpretation of results 
obtained with carefully conducted serodiagnostic procedures. 


LEUKEMOID REACTIONS of the Myeloid Type, Heck, F. J., and Hall, B. E. J. A. M. A. 
112: 95, 1939. 


The importance of differentiating leucemoid reactions from the leucemias is obvious. 
In most cases this differentiation can be made on the basis of the clinical observations. 
The hematologic picture may or may not be of additional aid in diagnosis. The total 
leucocyte count is of relatively little or no diagnostic significance unless it is in excess 
of 100,000 cells per e.mm. blood. Leucocyte counts above this are observed rarely with 





conditions other than the chronic forms of leucemia. It should be remembered that many 
patients with leucemia, including the chronic variety, have total leucocyte counts which fall 
either within or below the range for normal persons. In a study previously reported, approxi 
mately 40 per cent of all patients with acute leucemia and 10 per cent of all patients with 
chronic leucemia seen at the Mayo Clinie from 1928 to 1933, inclusive, had leucocyte counts 
below 10,000 cells per ¢.mm. 

Summary.—Leucemoid reactions occur commonly with infections, with blood dyserasias 
and diseases of the reticulo-endothelial system, with diseases in which there is invasion and 
irritation of the bone marrow (as in metastasis to bone), with conditions in which there is an 
increased demand on the bone marrow (such as severe and sudden loss of blood), and with 
chemical poisoning. Occasionally cases are encountered in which no satisfactory explanation 
for the leucemoid reaction can be made. 


TISSUE: Preparation of Plaster of Paris Embedding Boxes, Solberg, A. N. Stain Technol. 
14: 27, 1939. 


Cut pieces of paraffin of the size you desire the blocks. Bevel the paraffin block 
about 15° so that the bottom will be smaller than the top to allow the paraffin blocks to 
slip out when shrunk by cooling. Seal the block, wide side down, onto a copper plate 01 
piece of cardboard, and place around it two embedding angles about 4% inch from tlie 
widest part of the paraffin block. Coat the paraffin block with a thin layer of vaseline. Mix 
enough plaster of Paris and water to fill the mold, and pour the mixture into the mold while 
still very wet. Allow the plaster of Paris to dry for an hour or more. Remove the embedding 
angles, and when the plaster of Paris seems quite dry, lift the box off the paraffin mold. 
When dry, trim the box with a knife and sandpaper to the desired shape and thickness. It is 
advisable to leave the wall quite thick to prevent breakage. 

To use the box: Soak it for a moment in the water to be used for cooling. Pick it out 
and pour out the water. Holding the box between the thumb and forefinger, fill the box 
with melted paraffin using a medicine dropper. Drop the tissue into the melted parafiin. 
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Orient tissue as desired with a warm needle or forceps. Insert a previously prepared slip 
of paper with identification marks on it into the melted paraffin at one end of the box. Hold 
the box in the cold water to cool and blow gently on the surface until a thin film has con- 
gealed. Carefully lower the box under water and in a few seconds the paraffin will shrink 
from the sides of the box, allowing the block to float free. The box may be used again im- 
mediately, but one can work faster by using two boxes alternately. 


HYPERGLYCEMIA, A New Interpretation of, in Obese, Middle-Aged Persons, Newburgh, 
L. H., and Conn, J. W. J. A. M. A. 112: 7, 1939. 


A statistical analysis of spontaneous glycosuria associated with delayed disposal of 
ingested dextrose indicates that approximately half of the patients are obese. These obese 
glycosuric patients are, with few exceptions, more than 30 years of age. 

After the weight of these patients has been reduced to normal by simple underfeeding, 
they remain aglycosuric, do not become hyperglycemic when they are placed on maintenance 
diets containing 300 gm. of carbohydrate, and exhibit normal dextrose tolerance curves. 

There is an occasional exception to this rule, but more than 90 per cent of the patients 
respond in this manner. 

Recurrence of the obesity is capable of reproducing the hyperglycemia and the delayed 
utilization of dextrose. Subsequent reduction of weight again corrects the disturbance in the 
metabolism of carbohydrate. 

It has been demonstrated that the majority of persons who have been obese for many 
years show delayed utilization of carbohydrate. Since the majority respond in this way 
to adiposity and again dispose of carbohydrate normally when the excessive weight 
has been removed, this phenomenon must be regarded as being the type response of the 
previously normal mechanism carbohydrate metabolism to the overload of obesity. 

It is suggested that the occurrence of the hyperglycemia and glycosuria in such persons 
depends on the excessive accumulation of fat in the liver, with a resulting impairment in 
its capacity to lay down glycogen at the normally rapid rate. 

The studies described establish a clinical entity in which obesity is the principal 
abnormality and hyperglycemia is a secondary phenomenon. 


AGGLUTINATION, Salt Optima in, Platt, A. E. Australian J. Exper. Biol. & M. Se. 16: 


275, 1938. 


Using a smooth strain of Brucella abortus and a corresponding antiserum obtained from 
an infected cow, it was found that the antigen and antibody optimal ratios remained econ- 
stant for all salt concentrations between 2M/7 and M/56. Concentrations of salt above 
2M/7 were not used, and those below M/56 failed to agglutinate the sensitized organisms. 

The optimal salt concentration for any agglutinating system depends upon (a) the 
ratio of antigen to antibody, (b) the concentration of organisms per unit volume of mixture, 
and (ce) the effect of the salt on the cohesive force between the organisms. 


GOLD SOLS, Variations in the Behavior of Paretic Cerebrospinal Fluids With Different 
Types of, Pennycuick, S. W., Woolcock, C. E., and Cowan, R. J. Australian J. Exper. 
Biol. & M. Se. 16: 317, 1938. 


The oxalate-reduced gold sol can be used in the Lange test if a buffering agent is added 
o the solution either before or after the reduction of the gold salt. In general, however, it is 
uot as reliable as the formaldehyde-reduced sol. 

The phosphorus-reduced gold sol cannot be used with any degree of precision. 

The Bredig gold sol can be adapted for use, but its reactions are variable and its 
preparation is inconvenient. 

A trace of stannic chloride when added to distilled water facilitates the formation of 
old sols, but such sols, while they are suitable for paretic cerebrospinal fluids, show slight 
irregularities with normal fluids. 
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PREGNANCY, Regulation of Level of Calcium in the Serum During, Bodansky, M., and 
Duff, V. B. J. A. M. A. 112: 223, 1939. 


Within certain limits (not lower than 8.5 mg.) the depression of calcium in the serum 
observed in late pregnancy may be considered a normal condition, conducive perhaps to a 
greater economy of utilization of calcium derived from food and maternal bodily reserves. 

Severe hypocalcemia during pregnancy may reflect either parathyroid deficiency or 
marked nutritional deficiency. Both are comparatively rare in ordinary clinical experi- 
ence. The importance of the parathyroid glands in the regulation of the calcium content 
becomes especially impressive in the parathyroid-deficient pregnant animal at term. 

Abnormalities in fetal skeletal development occur if hypocalcemia is severe, as shown 
by the results in experimental parathyroid deficiency and in clinical osteomalacia. The 
somewhat elevated calcium level in the fetal circulation may, therefore, be looked upon as 
normal for fetal development. 

Nutritional, hormonic, and seasonal factors influence the maternal calcium level. 
The influence of season may be only partly related to the amount of available sun- 
shine. 

It is possible that in pregnacy the maintenance of a subnormal calcium level in the 
maternal serum, as judged by nonpregnancy standards, despite the augmentation in para- 
thyroid function, is dependent on an intrinsic caleium-depressing factor. The maintenance of 
a relative elevation of calcium in the fetal serum may also indicate the participation of some 
factor in the fetal organism independent of the fetal parathyroid glands. The rise in the 
maternal calcium level after parturition and the decline in that of the newborn infant suggest 
that these factors may reside in the maternal and fetal portions of the placenta, respectively, 
each playing a distinct and important role in the regulation of the maternal and the fetal 
calcium levels. The decline in calcium content observed in the newborn may also be condi 
tioned by the sudden withdrawal of the labile caleium reserve of the fetal placenta. 


MENINGOCOCCIC INFECTIONS, Sulfanilamide in the Treatment of, Waghelstein, J. M. 
J. A. M. A. 111: 2172, 1938. 


There were 106 patients with meningococcie infection treated at Sydenham Hospital 
with 19 deaths, a fatality rate of 18 per cent. The case fatality rate in the adequately 
treated group was 12 per cent. 

When sulfanilamide alone was used, the fatality rate was 15 per cent. In the 
adequately treated cases, the fatality rate was 12 per cent. 

The combined method of treatment was used in 34 cases, with a case fatality rate of 
24 per cent. The fatality rate in the adequately treated group was 13 per cent. Among the 
last 26 patients treated in this manner there were 3 deaths, 2 of which occurred within twenty 
four hours. 

The spinal fluid cultures were more consistently sterile after from twelve to twenty-four 
hours of treatment in those patients in which sulfanilamide was taken every four hours by 
mouth or by nasal catheter, rather than when given every twelve hours by hypodermoclysis. 

The number of lumbar punctures in the treatment of meningitis has been markedly 


reduced. 


The complications due to sulfanilamide therapy were infrequent and very mild. The 


number of recurrences were reduced. Those complications due to meningococcie infections 
were not significantly reduced in occurrence. 

Since the introduction of sulfanilamide in the treatment of meningococcie infection, ther: 
has been a definite decrease in the number of deaths, not only in the adequately treated, but 
also in those fulminating cases which usually terminate fatally within twenty-four hours. 
The discomfort suffered by the patient directly due to the treatment is lessened owing to 
the simplification of the treatment, and the hospital stay has been notably reduced. 





